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SUMMARY 
The science of teratology is concerned with 
the anatomical evaluation of different types of mal-
formations. Various agents are known to interfere 
and disrupt the normal developmental process. Metals 
too, are reported to exert deleterious effects on 
developing embryo when introduced in excess. As such, 
metals play a significant role in many biological 
process. Many diseases are known to be caused by the 
relative excess or deficiency of a metal. It may be 
due to the genetically determined disturbed metabolic 
events in which metals play an essential role or due 
to the environment exposure from different sources. 
The biological activity of the metal in a living 
tissue is usually due to their involvement with impor-
tant intracellular enzyme system. Although, the biologi-
cal properties of the metal are widely accepted, little 
is known about their role during embryonic development. 
Enzymatic activity during the critical periods of 
development may be altered leading to abnormal mani-
festations of the developmental process. 
Teratologic a 1 effects of the rr c tn Is in the 
chick embryo have been studied in the past. Many 
external malformations in the chick embryos such as 
spina bifida, stunting and micromelia by arsenic, 
hydrocephalus and anterior meningocele by lead s a U s , 
and growth retardation, hydrocephalus, defective beak 
and legs by mercury are known to occur. Numerous 
reports regarding the abnormalities induced by metals 
are available in other animals also. However, these 
reports are overlapping, bizzare and do not provide 
much help in evaluating organ and tissue specificity. 
The present work was basically aimed to evaluate 
the teratogenic and lethal effects of four common 
metals (mercury, lead, arsenic and zinc) together 
with histo-pathological and histochemical changes 
in some organs/ tissues in developing chick embryos. 
The use of chick embryo has been discouraged by many 
authorities for the purpose of evaluating the terato-
logic a 1 effects due to the difficulty in extrapolation 
to man. But the easy availability, low cost and conve-
nient experimental approach has tempted terato logists 
to re-introduce its use. 
The study was conducted on fertile white leghorn 
chicken eggs obtained from the local government poultry 
farm. Stock of eggs used for each metal were divided 
into two groups. Control group of eggs were injected 
with .05 ml of distilled water used as solvent for 
metallic salts. Experimental eggs were injected with 
metallic salt solution as follows-
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a) Mercuric chloride 5 u ^ / e ^ 
b) Lead nitrate 10 0 u g / o c g 
c) Arsenic trioxide 5 u g / e ^ 
d) Zinc sulphate 1 0 0 u g / e « g 
The above dose for each metal w e r e ascertained 
after trial and error to have the maxim urn survival 
and malformations. Eggs were cleaned with soap and 
water and their large ends w e r e wiped with alcohol. 
.05 ml of the metallic salt solution in distilled 
water was injected into the air cell using a sterile 
tuberculin syringe after making a small drill hole 
in the egg shell. The openings were sealed after the 
injections w i t h paraffin w a x . The injections 4 ere 
given on 5th day of the incubation (at 37°c 8t 6(H 
h u m i d i t y ) . After injections eggs were replaced into 
the incubator. Regular candling and rotation of the 
eggs were done to ensure the proper development. Three 
such sets of experiments » ere carried out for each 
metal. 
On 18th day of incubation embryos w e r e collected 
after breaking the egg shell. Number of the living 
and dead embryos and those with abnormalities v e r e 
recorded. They were preserved as follows for further 
investigations-
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l.In 10% formaline for H & E and von Gieson's staining. 
Some of them were dissected for anomalies of internal 
organs. 
2 . In 93% alcohol for Alizarin red-S staining of the 
skeleton. 
3. In cold 80% alcohol for PAS-Staining. 
4. In cold acetone for Ac id/Alka1ine phosphatase. 
5. In* 10% neutral formaline for DN Ay iR NA staining 
(methyl green- pyronin stain). 
Eggs treated with mercury resulted into 35.54 
percent dead and 79.01 malformed embryos. The spectrum 
of mal-formation included stunting in 72.39 percent, 
beak defect in 22.91 percent, head swelling (hydro-
cephalus) in 33.85 percent, meningocele in 13.54 
percent, twisted neck in 17.7 percent, toe defect 
(Clav. ing) in 37.5 percent, and ectopic conditions 
in 14.06 percent. 
Treatment with lead resulted into the death 
of 20.56 percent and malformation in 7 6 . i> 9 percent 
embryos. The malformations included stunting in 
68.39 percent, beak deformity in 28.49 percent, head 
swelling in } .8 percent, twisted neck in 2.5 percent, 
hind limb defects (twisting in 47.66 percent, clawing 
in 5 7.51 percent) ectopia vise or urn in 38.86 percent, 
and abdominal oedema in 11.91 percent. 
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Injections of arsenic into the C R S S produced 
1etha 1 effects in 45.56 percent and na! Formations 
in 69.83 percent embryos which included stunting in 
62.4 percent, beak defects in 24.0 percent, wing defect 
in 8.8 percent, hind limb defect in 34.45 percent, 
and ectopia viscerum and enlarged yolk sac. (in 44.8 
percent). Similar treatment with zinc caused 22.15 
percent death and 77 .69 percent abnormal embryos. 
Abnormalities included stunting in 63.86 percent, 
beak defects in 26.73 percent, head swelling in 22.27 
percent, wing defects in 30.69 percent, twisted hind 
limb in 38.61 percent, abdominal swelling in 14.85 
percent, and ectopic conditions in 17.82 percent. 
The observations indicates that arsenic 
presented significantly high rate (B^i.001 ) of mortality 
than other metals. No significant difference could 
be detected between lead and zinc. Embryolethal effects 
of the four metals can be summarized as follows: 
ARSENIC >• MERCURY ^ > ZINC = LEAD 
Malformations induced by these metals presented 
spectra which is similar to a great extent indicating 
a general interference in the organogenesis and tissue 
differentiation. However, some tissue specificity 
was found with mercury: (high percentage of hydro-
cephalus and toe defect) and arsenic (high % of ectopia 
viscerum and enlarged yolk sac). The high incidence 
of growth retardation (stunting) is possibly due to 
the continued presence of metal exerting its effects 
b 
after the period of organogenesis. The teratogenic 
effects of the four metals can be depicted as follows: 
ZINC = LEAD = MERCURY>ARSENIC 
Defective organogenesis under the influence 
of these metals can further be supported by the 
anomalies of the internal organs found in this study 
(hypertrophy, seperation and notching in the liver 
and heart). 
Alizarin red-s-staining of the skeletal system 
showed the involvement of the bones in the form of 
under-development, thinning and defective ossification. 
Histopathological examination (H & E staining) 
of the long bones (femur & humerus), liver, heart, 
and kidney revealed general destruction, inflammatory 
reactions and varying degree of necrosis indicating 
the toxic effects of the metal. Von Gieson's staining 
showed decrease in the quantity of collagen tissue. 
Histochemical observations have shown increase in 
acid and alkaline phosphatase activity and a relative 
increase in the glycogen. These changes w ere more 
pronounced with mercury and arsenic. Qualitative study 
of DNA and RNA presented decrease in their quantity 
which can be explained on the basis of inhibition 
of synthesis of DNA,RNA and protein as the metals 
are known to do so in the adult living tissue. 
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Though, the understanding of the exact mechanism 
involved in bringing about the above changes needs 
a further elaborate study of the enzyme system and 
various other factors, the following reasons can be 
attributed for enibryopathic effects in developing 
chick embryo induced by mercury, lead, arsenic and 
zinc : 
-possible change in the permeability of the cellular 
membrane. 
-change in enzyme system (inhibition) both on the 
cell surface as well as within the cytoplasm. 
-Interference in mitochondrial fuction and cellular 
respiration resulting in cellular hypoxia and necrosis. 
-Inhibition in DNA, RNA and protein synthesis resulting 
in decreased cellular proliferation. 
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B. Photomicrographs showing the enlarged 
swollen glomeruli with massive glomerular 
tufts, interstitial oedema and fibrosis. 
Tubules shows desquamation of the epithelium 
and necrosis in the kidney (T.S.) of mercury 
treated (5 ug/egg) chick embryo, H&E Stain, 
x 50, x 1 00: 
Fig. 57: A.(T.S. Humerus), B.(L.S. Humerus), 
C.(T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing the normal distribu-
tion of collagen fibres in the developing 
long bones of chick embryo, control, 
von Gieson's Stain, x 100. 
Fig.58: A.(T.S. Humerus), B.(L.S. Humerus), 
C.(T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing the less distributed 
broken and disintegration of collagen fibres 
in the long bones of mercury treated chick 
embryo, von Gieson's Stain, xlOO. 
Fig.59: A.(T.S. Humerus), B.(L.S. Humerus), 
C.(T.S. Femur), D. (L.S. Femur). 
Photomicrographs showing the normal alkaline 
phosphatase enzyme activity in developing 
long bones of chick embryo, control, Gomori's 
method, x 100. 
Fig.60: A.(T.S. Humerus), B.(L.S. Humerus), 
C. (T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing the significantly 
increased alkaline phosphatase enzyme activity 
in subperiosteal and e pi physeal zones in 
the long bones mercury treated (5 ug/egg), 
chick embryo, Gomori's method, xlOO. 
Fig.61: A.(T.S. Humerus), B.(L.S. Humerus), 
C.(T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing the normal acid 
phosphatase enzyme activity in the long bones 
of the developing chick embryo, control, 
modified Gomori's method, xlOO. 
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Fig.62: A. (T.S. Humerus), B.'L.S. Humerus), 
C.(T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing the increased acid 
phosphatase enzyme activity in the destructed 
tissues in long bones of mercury treated 
(5 ug/'egg) chick embryo, modified Gomori's 
staining method - xlOO. 
Fig.63: Photomicrograph showing the normal glycogen 
(PAS positive substance) in the hepatic cells 
of the developing chick embryo, control, 
PAS staining, xlOO. 
Fig.64: Photomicrograph showing the increased amount 
of PAS positive substances in the hepatic 
eel Is of the developing chick embryo, mercury 
treated (5 ug/egg) PAS staining, xlOO. 
Fig.65: Photomicrograph showing the normal activity 
of alkaline phosphatase in the hepatic tissue 
of developing chick embryo, Gomori's method, 
x 100. 
Fig.66: Photomicrograph showing an increase activity 
of the alkaline phosphatase in the hepatic 
tissue especially around periportal and 
perican iicular areas of the developing chick 
embryo, mercury treated (5 ug/egg), Gomori's 
method, xlOO. 
Fig.67: Photomicrograph showing the normal activity 
of acid phosphatase in the hepatic tissue 
of developing chick embryo, modified Gomori's 
method, x 100. 
Fig.68: Photomicrograph showing the increased activity 
of acid phosphatase in the liver tissue of 
developing chick embryo, mercury treated 
(5 ug/egg), modified Gomori's method, xlOO. 
Fig.69: Photomicrograph shows the normal quantity 
of DNA and RSA in the liver cells of the 
developing chick embryo, control liver, Methyl 
Green-pyronin Y, Staining method, x50 0. 
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Fig.70: Photomicrograph showing the hepatic cells 
of the developing chick embryo a decreased 
amount of UNA and RSA qualitatively (after 
mercury treatment^, methyl green -pyronin 
Y, staining, x 500. 
Fig.71: Photomicrograph showing the normal PAS 
positive substance in the kidney of the 
developing chick embryo, control, PAS Staining 
x 100. 
Fig.72: Photomicrograph showing n slight increase 
in the glycogen in the kidney of chick embryo 
after mercury treatment, PAS staining, xlOO. 
F ig .7 3: A .(T.S. Humerus), 
C. (T.S. Femur ) , 
B.<L.S. Humerus ) , 
D. (L.S. Femur ) . 
Photomicrographs showing the thickening and 
dis-organization of the bony lamellae, 
chondrified tissues necrosis , and the presence 
of degenerated and unossified tissues in 
lead treated (100 ug/egg) chick embryo, 
H & E staining, x 50. 
Fig.74: Photomicrographs showing degeneration of 
the hepatic cells, fibrosis, thicking of 
the sinusoidal wall, and dilatation of • the 
biliary canaliculi in the liver of lead 
treated (100 ug'egg) chick embryo, H & R 
staining, x50, x100 . 
Fig.75: Photomicrographs of the herirt muscle showing 
hydropic changes and thieking of the muscle 
fibres in the developing chick embryo after 
lead treatment (100 ug'egg), H A E staining, 
x50, xlOO. 
Fig.76: Photomicrographs showing glomerular space 
obliteration and fibrosis atrophic renal 
tubules with necrosis and degenerated 
epithelial cells in the kidney of lead treated 
(100 ug/egg) chick embryo, H & E Stain, 
x50, xlOO. 
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Fig.77: A . (T.S. Humerus), B.fL.S. Humerus), 
C. (T.S. Femur), D.fL.S. Femur). 
Photomicrograph revealing low density of 
the collagen element in the long hones of 
developing chick emhryo, l^ad treated 
(100 ug/egg) von Gieson's Stain xlOO. 
Fig. 78: A. (T.S. Humerus), B.(L.S. Humerus ) , 
C.(T.S. Femur), D (L.S. Femur). 
Photomicrographs showing a mild increase 
in the alk. Phosphatase activity in the 
ossi fying zones of the long hones of the 
developing chick emhryo after lead treatment 
(100 ug/egg), Gomori's method, xlOO. 
Fig.79: A. (T.S. Humerus), B.d.S. Humerus), 
C. (T.S. Femur), D.(L.S. Femur). 
Photomicrograph showing an elevated acid 
phosphatase activity at places in the long 
bones of the developing chick embryo after 
lead treatment (100 ug/egg) modified Gomori's 
method, x100. 
Fig.80: Photomicrograph showing a increased amount 
of glycogen in the liver cells of the develop-
ing chick embryo after lead nitrate treatment 
(100 ug/egg), PAS Staining, xlOO. 
Fig.81: Photomicrograph showing an increase in the 
alk. Phosphatase activity in periportal areas 
of the hepatic tissue in the developing chick 
embryo after lead nitrate treatment 
(100 ug/egg) Gomori's method, xlOO. 
Fig.82: Photomicrograph showing no significant change 
in the acid phosphatase activity in the 
hepatic tissue of the lead nitrate treated 
(100 ug/egg) developing chick emhryo, modi fied 
Gomori's method, x100. 
Fig. 83: Photomicrograph showing a mild decrease in 
the DNA md RNA r on tents in the liver cells 
of lead nitrate ttnatod (100 ug'egg) develop-
ing chick embryo, methyl green-pyronin Y , 
staining method, x100. 
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Fig.84: Photomicrograph showing a slight increase 
in the amount of glycogen in the renal cells 
of the lead nitrate treated (100 ug/egg) 
developing chick embryo, PAS staining, xlOO. 
Fig.85: A.(T.S. Humerus), B.(L.S. Humerus), 
C. (T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing extensive necrosis, 
destruction pf the mesenchymal cells and 
cartilagenous areas with enlarged lacunar 
spaces, and at places enhanced osteoblastic 
activity in arsenic treated (5 ug/egg) develop 
ing chick embryo, H& E Staining, x50. 
Fig.86: Photomicrographs showing n ecrosis of the 
hepatic cells with foamy cytoplasm dilatation 
of the biliary canaliculi and crowding of 
portal tract in the liver of arsenic treated 
(5 ug/egg) developing chick embryo, H & E 
Stain, x50, xlOO. 
Fig.87: Photomicrographs showing m yocardial oedema 
with swollen-interstitial tissue and fibrosis 
and fatty degeneration of the muscle fibres 
of the heart of arsenic t rioxide treated 
(5 ug/egg) developing chick embryo. H & E 
staining, x50, xlOO. 
Fig.88: Photomicrographs showing renal glomerular 
lesions, consisting of diffuse enlargement 
and cellular proliferation, tubular necrosis 
and epithilial desquamation in the kidney 
of arsenic treated developing chick embryo, 
H & E stain, x50, xlOO. 
Fig.89: A. (T.S. Humerus), B.(L.S. Humerus), 
C. (T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing less amount and 
disorganisation of collagen fibres in the 
long bones of arsenic trioxide treated chick 
embryo, von Gieson's staining, xlOO. 
Fig.90: A.(T.S. Humerus), B.(L.S. Humerus), 
C. (T.S. Femur), D.(L.S. Femur). 
t Photomicrographs showing a significant 
increase in the alkaline phosphatase activity 
in the subperiosteal regions of the long 
bones of arsenic trioxide treated (5 ug/egg) 
developing chick embryo, Gomori's method, 
xlOO. 
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Fig.91: A.(T.S. Humerus), B.(L.S. Humerus), 
C. (T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing increased acid 
phosphatase activity in the long bones of 
the arsenic trioxide treated (5 ug/egg) 
developing chick embryo, modified Gomori's 
method, xlOO. 
Fig.92: Photomicrograph showing i ncreased glycogen 
in the hepatic tissue of the arsenic trioxide 
treated (5 ug/egg) developing chick embryo, 
PAS staining, xlOO. 
Fig.93: Photomicrograph showing an increased alkaline 
phosphatase activity in the hepatic tissue 
of the arsenic trioxide treated (5 ug/egg) 
developing chick embryo, Gomori's staining 
method, xlOO. 
Fig.94: Photomicrograph showing an increase in the 
acid phosphatase activity in the liver of 
the arsenic t rioxide treated (5 ug/egg) 
developing chick embryo, modified Gomori's 
method, xlOO. 
Fig.95: Photomicrograph showing less amount of DNA 
and RNA in the hepatic tissue of the arsenic 
trioxide treated (5 ug/egg) developing chick 
embryo, methyl green-pyronin Y, staining 
method, x500. 
Fig.96: Photomicrograph showing increased amount 
of the PAS positive substances in the renal 
tubular cells of the arsenic trioxide treated 
developing chick embryo, PAS staining , xlOO. 
Fig.97 : A. (T.S. Humerus), B.(L.S. Humerus), 
C. (T.S. Femur), D.d.S. Femur). 
Photomicrographs showing destorted 1amellar 
pattern, thickened periosteum and osteoclastic 
activity in the long bones of the zinc 
sulphate treated (100 ug/egg) developing 
chick embryo, H & E Stain, x50. 
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Fig 98: Photomicrographs showing hepatic tissue 
degeneration, fibrosis, periportal inflamation 
and thickining of the biliary canaliculi 
in the zinc sulphate treated (100 ug/egg) 
developing chick embryo, H & E Stain, x50,x!00 
Fig.99: Photomicrographs shows m yocardial oedema, 
white blood cell infilteration and degenera-
tion of the cardiac muscle fibres (TS, Heart) 
in the zinc sulphate treated (100 ug/egg) 
developing chick embryo, H & E Stain, x50,xlOO 
Fig.100: Photomicrographs shows fibrinoid deposition 
and increased cellularity in renal glomeruli, 
desquamated renal tubules epithelium in 
(T.S. Kidney) zinc sulphate treated 
(100 ug/egg) developing chick embryo, H & 
E Stain, x50, xlOO. 
Fig.101: A. (T.S. Humerus), B.(L.S. Humerus), 
C. (T.S. Femur), D. (L.S. Femur). 
Photomicrographs showing a moderate increase 
in the collagen content in the long bones 
of zinc sulphate treated (100 ug/egg) develop-
ing chick embryo, von Gieson 's staining, 
xlOO. 
Fig.102: A. (T.S. Humerus), B.(L.S. Humerus), 
C. (T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing a slight increased 
alkaline phosphatase activity in the long 
bones of the zinc sulphate treated 
(100 ug/egg) developing chick embryo, Gomori's 
staining method, xlOO. 
Fig.103: 
Fig.104: 
A.(T.S. Humerus), B. (L.S. Humerus), 
C. (T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing acid phosphatase 
activity within normal limits in the long 
bones of zinc sulphate treated (100 ug/egg) 
developing chick embryo, modified Gomori 's 
method, x100. 
Photomicrograph showing a slight increase 
in the PAS positive material in the liver 
cells of zinc sulphate treated (100 ug/egg) 
developing chick embryo, PAS staining, xlOO. 
XXIII 
Fig.105: Photomicrograph showing an increase in the 
alkaline Phosphatase activity in periportal 
region of the liver of zinc sulphate treated 
(100 ug/egg) developing chick embryo, Gomori'a 
method, xlOO. 
Fig.106. Photomicrograph revealing normal acid 
phosphatase activity in the hepatic tissue 
of the liver of zinc sulphate treated 
(100 ug/egg) developing chick embryo, modified 
Gomori's method, xlOO. 
Fig.107: Photomicrograph showing DNA and RSA contents 
(within normal range) in the hepatic tissue 
of the liver of zinc sulphate treated, develop 
ing chick embryo, methyl green-pyronin Y, 
staining method, x500. 
Fig.108: Photomicrograph showing renal tissue glycogen 
contents in the renal tissue (within normal 
limits) in the zinc sulphate treated 
(100 ug/egg) developing chick embryo, PAS 
staining, xlOO. 
Fig.109: Diagram showing the dose-response patterns 
for different types of developmental loxicants 
Fig . 110: Diagram showing the comparison of the malfor-
mations caused by mercury, lead, arsenic, 
and zinc in chick embryo. 
Fig.111: Diagram showing the distribution of various 
malformations caused by metals in chick embryo 
Fig.112: A and B. Showing the interactions between 
the apical ectodermal ridge and the subjacent 
mesoderm. 
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1 INTRODUCTION 
Teratology has developed from an experimental 
science concerned with the
 %a n a t o m i c a l evaluation of 
different types of malformations. With the advancement 
in basic concepts of embryology various agents were 
introduced as tools for disrupting the normal develop-
ment and to achieve the greater understanding of 
differentiation. Today also, this remains the major 
underpinning of experimental research in teratology 
and a critical factor of any advancement made in this 
field. It is with this concept only E.G. Saint-Hilaire 
(1822), a pioneer in this field of science, introduced 
his first experimental approach with physical insult 
to developing chick embryo. Subsequent!yt a number 
of physical and chemical agents were used to explore 
their possible effect on development of various 
animals. 
Metals play a significant role in wide variety 
of biological processes. Many diseases and syndromes 
are known to be caused by the relative excess or 
deficiency of a single metal (Seven and Johnson, 1960). 
Some of them may be the result of genetically deter-
mined abnormalities in metabolic events in which metal 
plays an e ssential part. Other may be due to the 
L 
environmental exposure of the metals from different 
sources with subsequent toxic results. 
In a living tissue metals usually interact 
with organic molecule and most of their b iological 
activity is the result of their involvement with 
important intra-cellular enzyme system. Although there 
is wide acceptance of the important biological 
properties of the metals, l i t t l e is known about their 
role in embryonic developments. Since normal develop-
ment of embryo is characterised by critical periods 
of protein synthesis during cell division and differ-
entiation, i t is clear that these periods represent 
a time of optimal enzymatic activity. Many of these 
enzymes and its activity therefore, may be sensitive 
to toxic levels of metals deviating the normal embryo-
nic development. 
It has been reported that appreciable levels 
of metallic toxicants are included in the diets of 
many natural and domestic avian species (Fimreite, 
1971, Miller and Berg, 1969). Natural avian populations 
are subjected to a wide variety of metal contaminants 
which are distributed to all facets of their ecosystem-
air, water and soil. The extent of metal accumulation 
in animal tissue suggests that the use of fish, bone 
and whale meals used as feed suppliments may further 
increase dietary metal intake for poultry and other 
domestic avian species (Wallace et al. 1971). It has 
also been well established that subacute exposure 
of certain metallic toxicants adversely affects 
reproduction in birds (Tejning 1967, Backstrom 1969, 
Fimreite 1971, Kuwahara, 197 0). Ingested metals have 
tendency to concentrate in eggs, and the avian embryo 
is said to be highly sensitive to it (Ridgway and 
Karnofsky, 1952, Birge and Just, 197 4). 
Many authorities have discouraged the use of 
avian embryo (Chick embryo) for evaluating the terato-
genesis due to difficulty in extrapolation to man. 
But, it has been found that most of the reported 
teratogenic agents in c'lick embryo produces terato-
genesis in man also. Moreover, in view of the easy 
availability and convenient experimental approach 
it is wise to re-introduce chick embryo as a model 
for experimental teratology (Gebhardt, 197 2). 
External malformations by different heavy metals 
have been reported in chick embryo such as spina bifida 
with methyl arsenate (Ancel, 1946), Stunting and micro-
melia with inorganic arsenic (Franke, et al. 1936, 
Ridgway and Karnofsky, 1952), hydrocephalus and 
anterior meningocele with lead salts (Cartizone and 
Ridgway 1952, Butt, et al. 1952), growth retardation 
hydrocephalus, defective beak and legs (Anwer, et 
al. 1988), and embryo death with mercuric chloride 
(McLaughlin Jr. et al. 1963). However, there reports 
are bizzare and do not evaluate any specific tissue 
or body system vis-a-vis metal. 
In the present work an attempt has been made 
to investigate the teratogenic effects of some common 
polluent heavy metals (mercury, lead, arsenic and 
zinc) with comparative evaluation in developing chick 
embryo. Besides, this study also includes histopatho-
logical and a qualitative h istochemical evaluation 
of certain constituents and enzymes in the developing 
embryo which could not be reviewed in the earlier 
1iterature. 
REVIEW 
OF 
LITERATURE 
2. REVIEW OF LITERATURE 
2.1. HISTORICAL REVIEW: 
The earliest record of abnormalities such as 
club foot and ach ondroplasia could be traced to some 
5000 years ago on the wall paintings in Egypt (Martin, 
1880, Steindorfft 1939). Since then mankind's intense 
interest in the malformations of human and animal 
Kingdom has spanned over centuries. Throughout the 
world primitive peoples have left impressions on their 
pre-occupation with monstrosities in their carvings 
and relics (Ballantyne, 1895, Born, 1947, Brodsky 
1943). Giants, dwarfs, one-eyed monsters, and mermaids 
have existed in the fairy tales of many nations 
(Schatz, 1901; Graves, 1957). Many mythological 
monsters have said to 'be arisen from the observations 
of developmental abnormalities (Schatz, 1901). For 
example, Polyphemus perhaps represented a c yclopic 
monster, Siren, a s ympodial fetus, Janus a diprosopus 
one, while an infant with occipital encephalocele 
represented Atlas and one with e xomphalos stood for 
Prometheus. 
Greek and Roman civilizations enrrird the Baby-
lonian belief that the future was foretold by stars, 
that abnormal infants were re fleet ions of the stellar 
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constellations, and hence presaged the future since 
they indicated the stars posit ions (Ballant yne, 1894t 
Gorman, 1949, Osse-quente, 1554). Thus the Latin word 
monstrum, from monstrare (to show) or monere (to warn) 
(Ballantyne, 1896), is derived from this concept of 
a monsters property of foretelling the future. Typical 
is the following excerpt from a 1554 edition of Julius 
Obsequen's Prodigiorum Liber (Ossequente, 1554)% 
originally written in the 4th century, this book 
preserves Livy's history, now lost, of prodigies cover-
ing the period from about 200 to 12 B.C. "In Venice 
a baby boy was born with two heads and in Sinvessa 
one with only one hand and in Osino a girl infant 
was born with teeth. At noon, out of a clear sky, 
a rainbow appeared. In a square in Rome three suns 
shown together and in the following night masses of 
fire fell from the sky. The same year (215 B.C.), 
the Carlhagians swore, with the cities of Greece, 
an alliance against Rome". Such prophetic notions 
persisted despite Hippocrate's and Aristotle's efforts 
to seek natural explanations (Ballantyne 1895 i 
Aristotle, trans by Peck, 1 95 3; H ippocrates, trans, 
by Jones ,1957). 
The first pseudo-scientific treatise on monsters 
appeared in 6th century A.D., by Isidore of Seville 
(Sharpe, 1 964). Numerous abnormalities were described 
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in the light of natural explanations of their occurr-
ence, although without any discount to supernatunal 
causes. 
Several books on monstrous birth were published 
from mid-16th to mid 17th centuries (Rueff, 1554i 
Lycosthenes, 1557; Licentus, 1616; Ambrosinus, 1642; 
Pare, 1649; Bartholinus, 1654-61; Schott, 1662). These 
were descriptive text filled with absurdities but 
splashed through with sound observations. 
During the next 150 years John and William 
Hunter, Albrecltt von Haller and Casper F riedrich 
Wolff published their anatomical studies, while Graff, 
Malpighi, Maitre-Jan, Scharig, and Spallanzani delved 
into the flowering science of embryology (Meyer, 1939; 
Gabnal and Fogel, 1956, Bodenheimer 1958; Needham, 
1959; Singer, 1959; Sirks and Zirkle, 1964). Numerous 
col lections of monstrous birth appeared during this 
period (Buffon, 17 49; Walter, 1775; Blumenbach, 1791; 
Sommerring, 1791) and significant discussions on the 
cause of monsters were given by Wolff (1759), Haller 
(1768), and Hunter (1775) in their anatomical treatise. 
The subject of malformations became a field 
in its own right by the early part of 19th century 
(Zimmer, 1806; Jouard, 1807; Morean, 1808). Meckel 
(1812) was the first to apply embryological principles 
in studying abnormal development. Pioneer Etienne 
Geoffroy Saint-Hilaire was the first to i ntroduce 
experimental approach in this field by physical insult 
to chick embryo. He also showed keen interest in human 
malformations (Saint-Hilaire, 1822). A detailed descri-
ption of these studies along with classification of 
monsters were produced by his son Isidore, who also 
is credited with coining the word 'teratology' (Saint-
Hilaire, 1822). More description continued to appear 
regularly in the coming years (Regnault, 1808* J. 
Breschet, 1829; G. Breschet, 1829, Beale, 1830; Gurlt, 
1831-32; Bischoff, 1842; Vrolik, 1849, 1852). 
Later half of 19th century witnessed a firm 
f oundation of producing malformat ion by experimental 
means and experimental e mbryology. Almost infinite 
variety of malformation a ppeared in the literature 
(Panun, 1860, Chance, 1862; Forster, 1865; Ahlfeld, 
1880-82) reaching their pinnacle with Taruffi (1880-
94), although similar but smaller encyclopedic volumes 
were also published (Hirst and Piersol, 1891-93; 
Ballantyne, 1885, 1902-1905; Schwalhe, 1 906-1937). 
Continued interests of experimental teratologist 
and experimental embryologist during this period has 
put the science of teratology more in terms of etiology 
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of malformations (Broman, 1911; Birnbaun,1912) . Mall 
(1908) has indicated this change more emphatically, 
although the development of science of genetics contri-
buted much to the concern of etiology. Thus, with 
the emphasis on mechanism, the irradiational experi-
ments of the first few decades (Bagg, 1 922, Muller 
1927), Spemann's (1938) proof of induction in the 
embryo, Stockard's (1930) human embryological studies 
made their enterance. These studies t ogether with 
the experiments of the 1940's i nclud ing those of Wolff 
(1936, 1948), Ancel (1950), and Landauer (1954) in 
the chick, and the nutritional experiments in mammals 
(Kalter and Warkany, 1959; Giroud, 1960) and the 
teratogenesis, observed in rubella virus infection 
by Gregg (1941), opened paths previously untravelled 
in the study of teratology. 
However, unlike the situation in animals, which 
often cannibalize malformed o ffspr ings the r e a c t i o n 
of human populations to malformat ions has varied 
according to the belief of the culture. Responses 
have varied from practice of infanticide to natural 
death and from protective rearing to deification 
(Warkany, 1 977). Today, scientifie explanation are 
sought for the causes of birth defect, but there is 
no doubt that these strange, awesome and terrifying 
variations of human form are s t i l l a great mystery 
to us . 
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2.2. EXPERIMENTAL TERATOLOGY-EVOLUTION OF A 
SCIENTIFIC APPROACH: 
The experimental or scientific approach to 
the problem of congenital malformation is not really 
new. Democritus in the 4th century B.C. reasoned that 
two different semens might produce malformations 
(Aristotle t trans by Peck, 1953). However, the credit 
for adopting first scientific approach goes to 
Aristotle, who with his enlightened thinking led to 
believe that congenital malformations are the result 
of abnormal growth, not from magic or hybridization. 
During 17th century the first mention of artifi-
cially produced monsters could be found in several 
agricultural and historical works by Serres, Plot, 
Birch, Jacobi, Jouard, and Paris (cited by Needham, 
1 959f Landaner 1967). Landauer (1967) while reviewing 
the initial attempts by Greeks and Chinese, of arti-* 
ficial incubation of chick eggs, pointed out that 
many such chicks had abnormalities. 
Abraham Trembley was probably the first who 
succeeded in experimentally altering the growth and 
development by producing mult iheaded monstrous hydras 
after cutting the upper part of the organism, (Trembley 
1744, Baker, 1954). During the first third of the 
19th century Etienne Geoffroy Saint-Hilaire introduced 
experimental teratology by systematically subjecting 
chick embryos to jarring, pricking, i nversion and 
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abnormal atmosphere, thereby producing a variety of 
abnormal offspring. His works were reported in detail 
by his son Isidore (Saint-Hilare, 1832-37). Later, 
Dareste (1877) also performed various manipulations 
on chick eggs to produce abnormalities. Fere (1909) 
performed a wide variety of physical maneuvers and 
injected numerous chemicals into chick eggs and 
described the various resultant abnormal ities. Other 
investigations continued in the form of treating 
invertebrate, fish, frog and chick eggs in various 
ways to produce abnormal embryos and fetuses (Hirst 
and Piersol, 1891-93, Mall, 1908; Stockand, 1909, 
1921; Corner, 1961, Oppenheimer, 1968). 
More significant experiments in this area 
included, destroying one cell of two-cell blasto-
meres to produce half embryo (Morgan, 1895); shaking 
apart blastomeres to produce abnormal double embryos 
(Driesch, 1891; Wilson, 1893); constricting blastomeres 
to produce conjoined twins (Spemann, 1903); altering 
the salt or mineral content of the incubation medium 
of sea urchin and frog egg to produce various abnorma-
l i t i e s (Loeb, 1893, Wilson, 1897; Morgan, 1899; Hertwig 
1894-95); and irradiating embryos (Baldwin, 1919-20). 
Cyclopia was also produced by various operative opera-
tive procedure on the head of minnow embryos or by 
chaging the lithium or magnesium content in the culture 
medium (Stockand, 1921). Although the areas of 
experimental embryology and teratology are intimately 
related to each other but, most of above experiments 
were performed in an attempt to study normal embryology 
(Oppenheimer, 1968). 
More s igni ficant experiments in this area 
included, destroying one cell of two-cell blastomers 
to produce half embryo (Morgan, 1895)t shaking apart 
blastomers to produce abnormal double embryos (Driesch, 
1891; Wilson, 1893); constricting blastomers to produce 
conjoined twins (Spemann, 1903); altering the salt 
or mineral content of the incubation medium of sea 
urchin and frog egg to produce various abnormal ities 
(Loeb, 1893, Wilson, 18 97; Morgan, 1899; Hertwig, 
1894-95); and irradiating embryos (Baldwin, 1919-20). 
Cyclopia was also produced by various operative 
procedure on the head of minnow embryos or by changing 
the lithium or magnesium content in the culture medium 
(Stockand, 1921). A1 though the areas of experimental 
embryology and teratology are intimately related to 
each other but, most of above experiments were perform-
ed in an attempt to study normal embryology 
(Oppenheimer, 1968). 
Investigations by Stockard (1921) have to be 
called zenith in this field which lead to suggest 
development-arrest theory of malformations. Few 
years later Spemann (1938) advanced these studies 
with his valuable induction experiments. Discovery 
of genetic science and subsequent trials of mutational 
experiments also contributed significant1y to the 
knowledge of malformations (Kalter,1968). 
Teratology work on mammals had began to develop 
rapidly by this time. Hale (1933, 1935) produced 
anophthalmia and cleft palate in pigs by long-term 
depletion of vitamin At and in the 1940s and 50s many 
other teratologist began publishing the results of 
experiments on pregnant mammals and other foetuses. 
These experiments included the use of physical agents, 
hormones, vitamins, many drugs and chemicals. 
Numerous publications have appeared during 
the last 50 years attributing environmental factors, 
genetic factors and a combination of these as a cause 
of malformation animals (Wolff, 1936; Warkany, 1945t 
Ancel, 1950% Fraser and Fainstat, 1951; Duraiswami, 
1952; Giroud, I960; Kalter and Warkany, 1959; Giroud 
and Tuchmann-Duplessis, 1962; Fave, 1964; Cahen, 1964, 
1966, Kalter, 1968). The use of thalidomide, an anti-
nauseant drug, in pregnant mothers resulted a wide-
spread malformations, mostly of limbs, in new born 
babies (Lenz, 1962). This, so called thalidomide-
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tragedy evoked a sensation in Western Germany and 
Britain and created much interest of teratologist 
in human malformations. Butt inspite of the many experi 
ments in the form of clinical and genetic trials the 
elucidation of the multiple and intertwined causes 
of human malformations is s t i l l in an early stage. 
2.3. ETIOGENESIS OF MALFORMATIONS-VARIOUS THEORIES: 
Number of theories were put forward suggesting 
the causes of congenital malformations. These theories 
were based on supernatural believes, insufficient 
scientific observations, and on actual teratological 
experimental analysis. Various causes can be broadly 
enlisted as follows. 
2.3.1 SUPERNATURAL CAUSES (Prehistory to present): 
During the early times mosters were often 
deified. God Ptah in Egypt resembled an achondroplastic 
dwarf, while the Greek god Polyphemus was c y c l o p i c 
(Schatz, 1901). The Babylonians believed abnormal 
infants as predictors of the future, a practice follow-
ed well into the Renaissance (Lycosthenes, 1557, 
Ambrosinus, 1642). The Hebrews suggested cohabitat ion 
with devil was responsible for monsters (Caffaratto, 
1965). Many statues worshiped by early tribes were 
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found to have depicted abnormal! ties such as hare-
lip and bone abnormalities (kleiss, 1964). In 5th 
century A.D. St. Augustine described a monster with 
double head, "created by God". Martin Luther regarded 
malformed infants as Omens (Martin, 1880), whereas 
others believed i t to be a Devil's craft or God's 
punishment or God's will (Paracelsus, 1 493, Rueff, 
1 554; Pare, 1649). 
2.3.2. NATURAL CAUSES (4th Century B.C.): 
Aristotle, and many other classical Greeks, 
believed that monstrosit ies are purely due to the 
physical disturbances in the natural phenomena of 
reproduction. They regarded it to be the result of 
accident of nature and lack of fulfilling "a potential" 
(Aristotle, trans, by Peck, 1953). However, these 
suggestions were vague and difficult to apply with 
modern concepts of embryology. 
2.3.3. MATERNAL IMPRESSION AS A CAUSE (Biblical to 
modern times): 
Maternal impressions have been accepted over 
much of the world as a cause of abnormalities, very 
likely before, and surely ever since Hippocrates and 
Empedocles mentioned such thoughts in their work. 
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Aristotle advised pregnant women to observe beutiful 
statues to increase the child's beauty, and Pliny 
the Elder expressed bis support of pre-natal influences 
(Martin, 1880). 
However, John Hunter, after doing a prospective 
study in the late 18th century, presented scientific 
evidence against maternal impressions (Warkany and 
Kalter, 1962) and Vrolik strongly opposed sucb beliefs 
(1849). Inspite of this, numerous supporting articles 
on maternal i mpression continued to appear in the 
years between 1886 to 1900 (Barker, 1886; Keating, 
1889, Batman, 1896; Gould and Pyle, 1896; Courtright, 
18 98 ) . 
Begining of 1 920's witnessed many scientific 
studies casting doubt on the validity of such 
(Ballantyne, 1895, 1902, 1905, Mall, 1908). However, 
even today a part of the human population including 
some behavioral scientist consider that prenatal mater-
nal psychological events such as maternal stress can 
influence the foetal development (Ross, 1965; Joffe, 
1965). 
2.3.4. HYBRIDIZATION AS A CAUSE (Prehistory to 18th 
century): 
The idea that hybridization between species 
17 
could result in monstrous animal flourished long ago. 
The Hebrews believed that cohabitation with the devil 
produced monsters (Caffaratto, 1965). The Egyptian 
Sphinx, a well known hybrid, is familiar to a l l . Though 
Aristotle declined the possibility of hybrid mixture 
due to various reasons such as varying length of 
gestational period, Greek mythology is full of such 
hybrid events (Graves, 1957). Centaurs and Satyrs 
are readily recalled as well as Minotaur, a result 
of Goddess Pasiphal's union with Poseidon in the form 
of a bull (Graves, 1957). A 9th century t reatise on 
poisons presented a method of producing hybrid between 
a man and a cow, whic*i could k i l l on sight (Levey, 
1966). 
The belief in hybrids as a cause of monsters 
persisted through the dark ages. In 1493 Paracelsus 
described the Basilisk, a mixture between a cock and 
a toad, as well as other animals capable of killing 
a man at a glance. A prodigy, half animal and half 
man, was pictured in Boaistuau ' s book of 1560. In 
1616 Licetus s t i l l expressed a belief in hybrids, 
but Aldovandi was doubtful of their existence 
(Ambrosinus, 1642). Nevertheless, the belief persisted, 
for in New Haven in America (Hoadley, 1857) and in 
Denmark (Landauer, 1961) a man and a woman, respective-
ly, were executed in the mid 17th century for producing 
hybrid supposedly cohabit ing with animals. 
The advancement in the scientifie understanding 
of embryology and Spallanzani 's un-successful cross-
species breeding experiments (Meyer, 1939) led to 
decline in the belief of hybrids between species as 
a cause of congenital malformation. However, many 
scientists at the turn of 20th century interbred 
amphibians of different species to produce hybrids 
and more recently nonviable rabbit hare hybrid embryos 
and a viable ferret-polecat hybrids as well as many 
other hybrids have been produced (Hamburger, 1947j 
Gray, 1954). And, of course, the mule, a donkey-horse 
hybrid, with sterility, as its "malformation'', is 
familiar. 
2.3.5. MECHANICAL THEORY INCLUDING ADENEXAL DISORDER 
(16th century to present): 
Hippocrates and Aristotle were responsible 
for originating the idea that the intrauterine trauma 
or pressure could cause malformations. Fare's (1649) 
propounded this possibility and suggested things such 
as falling, faulty posture, narrow uterus and presence 
of amniotic bands or adhesions may cause congenital 
malformations. E.G. Saint-Hilaire (1832-37) after 
noting adhesion around the malformed chick embryo, 
also proposed them as a possible cause. Later experi-
ments, in which higher and lower temperatures of the 
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incubator produced malformed chicks without adhesions, 
disproved i t (Dareste's, 1877). 
At the end of 19th century amniotic pressure 
and to a lesser extent amniotic adhesions were popular 
theories of malformation (Ballantyne, 1902-1905). 
A few years later, Mall (1908) in his classical report, 
pointed out that many so-called amputations had bits 
of fingers or nails attached distally. Faulty germ-
plasm was said to be responsible for such monsters 
named as "merosomatous terata". However, his further 
observations proved that these monsters could be 
produced by external influences on the normal ova. 
Streeter (1930) also discounted most i f not a l l , 
abnormalities explained on the basis of adnexal amputa-
tions. 
Tor pin (1968) noticed certain cases of con geni-
taly amputated limbs with ruptured amnion. The view 
that i ntrauterine spatial pressure or membranous 
perforations of adnexal tissue produce such malforma-
tions as clubfoot, scoliosis and various joint disloca-
tions was defended by Browme (1967). 
2.3.6. FETAL DISEASES AS A CAUSE (18th century to 
present): 
Occurrence of fetal disease in utero was first 
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reported by Watson (1749) when he observed small pox 
in human infants. Morgagni and others advanced the 
concept that fetal disease may cause malformat ions 
(Hall, 1908). Thus, hydrocephalus was thought to produce 
an—encephaly, fetal peritonitis to cause abdominal 
abnormalities» and afflictions of cerebrospinal system 
to result in variety of nervous system malformations. 
With the emergence of the genetic theory in 
the next decade the fetal-disease concept gradually 
waned untill Gregg's (1941) startling report of the 
teratogenic action of rubella virus in humans. Since 
then i t has been accepted that not only rubella but 
also Toxoplasma gordii, Trepanema pal 1idum and cyto-
megalovirus may affect the human fetus in utero to 
produce congenital malformations (Horstmann, 1969). 
2.3.7. EHBRYOLOGICAL OR DEVELOPMENTAL ARREST 
(17th century to present): 
William Harvey (1651) was the first to forecast 
the embryological or developmental theory of terato-
g enesis. He pointed out that hare-lip in human infants 
was very similar to the normal condi tion in early 
embryos. In the 18th century Haller f1768) and Wolff 
(1759) extended the idea of arrested development to 
explain ectopia cordis and gastroschisis since the 
embryo at certain stage of development has these 
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conditions normally. Later this concept was used to 
accunt for nearly every type of malformations. 
In early 19th century Meckel (1812-18) pointed 
out that some of the "developmental arrest" occurred 
in the human beings, seemed to represent conditions 
found in lower animals, thus giving rise to the idea 
that the parallel between ph ylogeny and ontogeny was 
helpful in explaining malformations that r esemble 
no earlier stage in human embryogenesis, such as a 
supernumerary tail and transpositional defect. 
Temperature experiments with chick embryos 
carried out by Dareste (1877) and Mall's (1908), and 
Streeter's (1930) painstaking descriptive work added 
credence, but i t was Stockard's (1921) experiments 
of the first 20 years of this century that thoroughly 
entrenched the arrest theory. Altering the temperature 
and chemical content of the medium in which the eggs 
of marine winnow were incubated, he produced a wide 
variety of complicated abnormalities. He pointed out 
that the type of monster produced depended on the 
stage of development . He further observed that the 
same abnormality could be produced by a number of 
experimental manipulations i f given at the same stage. 
From these observations a concept emerged that develop-
mental arrest or lowered rate of development can 
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produce all types of malformations except those of 
hereditary origin. This idea held untill the 1940s 
when kneel (1950), Landauer (1954) proved that 
different agents administered at the same stage of 
chick embryo development tended to produce their own 
unique syndrome of malformations. 
2.3.8. GENETIC THEORY (16th century to present): 
Rediscovery of Mendel's (1865) laws in 1900 
by Corren's, Vries, and Tschermak (Peters, 1959) made 
to realize that animals including man were probably 
subject to genetic rales and that genetic cause might 
therefore account for malformations. Although not 
understood, familial diseases and inherited anomalies 
had been r ecognized for many centuries prior to the 
present one. A more substantial footing for genetic 
theory as a cause of malformations was gradually, 
gained with Baer's discovery of ovum in 1820's and 
August Weismann 's emphasis on the germ-plasm in the 
1880's (Mayer, 1 961). 
Scientists during the first decade of the 20th 
century achieved much to find good reasons to accept 
the genetic theory as having a role in malformations. 
Some examples to mention were Gar rod's (1963) book 
on inborn metabolic errors, F arabee ' s study of five 
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successive generations of brachydactyly in an American 
family (Haws and Mckvsick, 1963), Cucnot's (1907) 
discovery of a lethal gene in mice, reports of 
defective blastocysts in mammals before implantation 
(Corner, 1961), and numerous genetic experiments with 
Drosophila melanogaster (Mayer, 1961). Murphy (1947) 
emphasized in his book 'Congenital Malformations' 
that genetic causes probably account for majority 
of malformations, at least in human beings. With the 
i rradiation and nutritional deficiency experiments 
in chicks and mammals, and the rubella studies in 
man prior to World War II it has become obvious that 
purely genetic causes still do not explain most malfor 
mations. Moreover, in the recent years a number of 
external environmental f actors, both physiological 
and pathological, have been found to interfere in 
the normal development (Figure-1). 
2.4. TERATOGENESIS IN CHICK EMBRYO-VARIOUS AGENTS: 
Chick embryo has been used to assess the toxic 
and teratogenic effects of a wide range of physical 
and chemical agents for more than a century by numerous 
investigators. In these investigations there have 
been many variations with respect to mode of treatment , 
length of development, and method of examination or 
analysis of results. 
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Chick monsters were consistently p roduced in 
eggs from localities where low hatchab i1i t y tad been 
observed and where toxic foodstuffs were produced 
(Franke and Tully, 1935). Following a clue of the 
presence of selenium in .toxic wheat samples, selenium 
salts were injected into normal eggs as an experiment, 
thereby proving that selenium was the causative agent 
in the production of monsters (Franke et al. 1936). 
Famous embryologist Ancel (1950) initiated 
the use of various chemical agents in developing chick 
embryo resulting in the production of a number of 
malformation. Wide ranging reports are available on 
the use of variety of agents. 
2.4.1. DIFFERENT METALS: 
Toxic and teratogenic effects of selenium in 
the chick embryo were studied by Franke et al. (1936). 
Various concentrations of selenium, both in the form 
of sodium selenite and sodium selenate, were injected 
into the air sac of normal eggs which resulted into 
reduced hatchability and a wide range of gross 
malformations including that of beak, eye, leg, and 
ectopia. Greater mortality was noticed with the use 
of selenite and sulphate together (Halverson et al. 
1965 ) . 
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Severe degree of achondroplasia was produced 
in developing chick embryo by the treatment of thallium 
(Karnofsky et a l . 1950; Hall, 1971). Significant 
reduction in the growth of long bones along with bony 
defects and areas of necrosis in the formed cartilage 
were seen (Hall, 1971). 
In one useful study a series of 54 metals were 
used to investigate their effects on chicken embryo 
and i t was noticed that only nine (thallium, chromium, 
lead, cobalt, boron, arsenic, r h o d i u m , barium and 
selenium) produced abnormalities (R idgway and 
Karnofsky, 1952). 
The effects of metals (selenum, arsenic, cadmium 
Lead, mercury and zinc) on the chick embryo was studied 
by Birge and Robert (1976). They reported much decrease 
in survival rate and a number of gross malformat ions 
of nervous system, skeletal system and gastrointestinal 
system besides impaired motor functions. Metal mixtures 
were also used in another investigation and i t was 
found that most two way combinations of cadmium, 
mercury, selenium and zinc exerts purely additive 
toxic effects on chick embryo (Birge et a l . , 1976). 
High mortality and wide-spread curling of the 
feathers in the surviving chicken embryo were reported 
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by treatment with cadmium chloride. The feather 
malformations could be prevented by simultaneous 
injection of equimolar amount of zinc (Narbaitz et 
al. ,1 983). 
2.4.2. DIAZO-DYES: 
Beadoin (1961) investigated the teratogenic 
effects of several closely related disazo dyes such 
as trypan blue, evans blue, azo blue, congo red and 
niagra blue (2B and 4 B) in developing chick embryo 
using subgerminal and york sac routes of injections. 
Irrespective of the route of injections, rumplessness 
was the most common type of malformation noticed in 
this study. 
2.4.3. DIFFERENT CHEMICALS: 
Toxicity of various chemical substances were 
evaluated by injections into the york sac. of fertile 
eggs (McLaughlin Jr. et a l . , 1963). Some of these 
substances showed no toxicity or very low toxicity 
e.g. water, propylene, glycol, corn oil, isotonic 
saline and isotonic glucose solution. Highly toxic 
and/or teratogenic effect were shown by mercuric 
chloride, lead acetate, selenium, triorthocresyl 
phosphate and thiourea. Substances of intermediate 
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order of toxicity included acetone, methanol, ethmol, 
hydrochloric acid, carbon tetrachloride, melathion 
and h eptacilor. 
2.4.4. ANTICANCER DRUGS: 
Developmental abnormalities of the skeletal 
system such as short and curved bones of the lower 
limb and/or absence of some bones and calvaria defects 
have been reported in c'iick embryo after i njections 
of mitomycin C into the Yolk Sac (Kury and Craig, 
1967). Generalized depression of haemopoetic and osteo-
blastic tissue was observed on histopathological exami-
nation. 
The effects of cyclophosphamide (Endoxan-Asta) 
in the developing chick embryo have been reported 
by Singh et al.(1971). A wide range of abnormalities 
including those of eye, beak, limb, e xencephaly, 
ectopia and stunting were noticed. Pre-natal retarda-
tion of brain growth in chick embryo has also been 
reported following cyclophosphomide administration 
(Singh et al.1973). 
2.4.5. ISONICOTINIC ACID HYDRAZIDE: 
More than 50 percent of the embryo were found 
dead and important neural epithelium alterations were 
produced by injection of' isonicotinic acid ftydrazide 
(INH)t into the shell of incubated eggs (Castellano 
et al. , 197 3). 
2.4.6. LYSERGIC ACID DIETHYLAMIDE: 
Retardation of segmentation of the intra-
embryonic mesoderm and collapse of the roof of neural 
tube was observed in chick embryo cultured in vitro, 
when exposed to different concentration of LSD 
(Messier, 1 97 3) . 
2.4.7. TOXINS: 
Ochratoxin A, an inhibitor of mitochondrial 
transport system (Meisner and Chan, 1974), was found 
to produce a number of cardiac anomalies and reduction 
in body size with external malformations such as 
twisted limbs, everted viscera and short twisted necks 
in developing chicken embryo. Certain strain of chicken 
embryo on intoxication with Aflatoxin Bl and Palmotoxin 
BO and GO showed detectable toxins in the internal 
organs, skeletal muscles, cartilages and bones as 
unchanged compounds. Maximum concentration was observed 
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in liver and kidney. There was a general reduction 
in the body and organ weights (Adekunle and Bassirt 
197 5). 
2.4.8. HYDROCORTISONE: 
Hydrocortisone has been reported to cause 
necrosis and h aemorrhage in the central and subapical 
mesoderm of the limb bud, micromelia and growth 
retardation in chick embryo (Goel and Jurand, 1976). 
2.4 .9 . CRUDE OILS: 
Investigations by Hoffman (197 8) revealed that 
surface applications of microlitre amounts of some 
crude and fuel oils reduce hatching in ducks, chicks 
and other avian species. Besides this, it also produce 
embryolethal and teratogenic effects. The most common 
teratogenic effect was the incomplete Iabnormal ossifi-
cation of the skull. 
2.4.JO. TRIMIPRAMINE MALEATE: 
The effect of trimipramine maleate was more 
lethal than teratogenic on chick embryo. Ma 1 for mat ions 
which were observed included meningocele, exencephaly, 
beak and limb defects, eclopia viscerum and growth 
retardation (Singh et al.,1978). 
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2.4.11. HADACIDIN: 
Hadacidin, N-formyl hydroxyaminoacetic acid 
(a growth inhibitor), was injected in single dose 
into the chick embryo .//.//. stage 5-30 (Hamburger and 
Hamilton,1952) through their shell. It was lethal 
to the extent of 80% , while 2 0% surviving embryo 
presented high degree or columella defect, cranio-
facial and limb defects (Jaskoll et a l . , 1978). No 
evidence of dose dependence could be found in this 
investigation. 
2.4.12. FOOD ADDITIVES: 
A number of the direct and indirect food 
additives including drugs, pesticides, mycotoxins 
and other natural and synthetic chemicals were injected 
into the air sac of fertile eggs to investigate their 
effects on chick embryo. Gross malformat ions observed 
were excenelphaly, anophthalmia, cleft palate, jaw 
and beak defects, phocomelia, micromelia, s yndactyly 
and torticollis (Verrett et a l . , 1980). 
2.4.13. ENDOGENOUS EMBRYOTOXIC SUBSTANCES: 
The presence of unknown toxic substances has 
been suggested in high risk monkeys and mice. These 
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factors are transmitted to their o f f s p r i n g s causing 
congenital malformations (Chalot et a l . 1980; Klein 
et a l . , 1982). Human serum has also been investigated 
for the presence of such substances and-their terato-
logical effect in chick embryo (Rani Kumar, 1991 ) . 
Serum from mothers having given birth to neonates 
with meningomyelocele and from n eonates with such 
defects was collected and injected into Leg-horn eggs 
at zero hour of incubation. The embryos were collected 
on 6th, 7th, 9 th and 10th days. Higher frequency of 
early embryonic death and greater incidence of neural 
tube defect were observed in surviving embr yos. I t 
i ndicated the presence of certain unknown embryotoxic 
substances in mothers who had given birth to babies 
with neural tube defect. 
2.5. HEAVY METALS IN BIOLOGICAL TERMS: 
Metals are probably the oldest toxins known 
to precipitate i t s effects in the b iological system. 
Lead usage may have begun prior to 2000 B.C. when 
abundant supplies were obtained from ores as a 
byproduct of smelting s i l v e r . Hippocrates is credited 
in 370 B.C. with the f i r s t descr ipt ion of abdominal 
colic in a man w ho extracted metals. Arsenic and 
mercury are cited by Theophrastus of Erebus (387-372 
B.C.) and Pliny of Elder (A.D. 23-79). Arsenic was 
obtained during the melting of copper and t i n , and 
an early use was for decoration in Egyptian tombs. 
n„ * t *. u L J ^ Is of toxicologic 
On the other hand many of the meta 
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concern today are only recently known to humans. 
Cadmium was first recognized in ores containing zinc 
carbonate in 1817. About 80 of the 105 elements in 
the periodic table are regarded as metals, but less 
than 30 have compounds that have been r epor ted to 
produce toxicity in living beings. The importance 
of some of the rarer, lesser known metals such as 
indium or tentalum might increase in rotation with 
human because of its use in microelectronics and other 
new technologies. 
Metals differ from other toxic substances in 
that they are neither created nor destroyed by 
b iological entities. The heavy metals in particular 
are very harmful because of its non-biodegradable 
nature and easy bio-accumulation in the tissue. Their 
atomic number exceeds 23 and inspite of wide differ-
ences in physical, chemical and biological properties, 
they have a common characteristic of forming stable 
co-ordination complexes with sulfur and nitrogen. 
Most of the heavy metals exerts its biological effects 
through combination with s ulfhydryl group, though 
chelation is also possib le. A chelate is a comb inat ion 
of metal ion complex in which metal ion is associated 
with a charged or uncharged electron donor referred 
to a ligand. The ligand may be monodentate, bidentate 
or mult identate: that i s , it may attach or coordinate 
using one or two or more donor atoms. Bidentate ligands 
form ring structures that include the metal ion and 
two ligand atoms attached to the metals (Wi11iams 
and Halstead» 1982). Chelating agent is usually non-
specific in regard to their affinity for metals. 
The effects of metals have very often no 
correlation with the concentration in the body. 
Metabolic demand of particular tissue or sensitivity 
of the metabolic system to any disruption however, 
plays an important role. 
2.5.1 . MERCURY: 
Mercury is a silver white heaviest liquid at 
room temperature with 13.55 specific gravity and 80 
atomic number. It is highly toxic. Mercury was known 
in pre-historic times, and as an occupational hazard 
i t has a long history of causing disease (Bidstrup, 
1964). No other metal better illustrates the diversity 
of effects caused by different biochemical forms than 
does mercury. On the basis of toxicologic character-
i s t i c , there are three forms of mercury: elemental . 
inorganic and organic compounds. 
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Since the outbreak of Minamata disease in Japan 
in the 1950s, the influence of environmental pollution 
caused by mercury, on human and animal health has 
drawn increasing academic and clinical attention. 
2.5.1.1. SOURCE: 
The major source of mercury is the natural 
degassing of the earth's crust including land areas, 
rivers and the ocean, and is estimated to be in the 
order of 25000 to 150,000 tons per year (WHO, 1 97 6; 
Gold-water and stopford, 1977; NRCC, 1979). Metallic 
mercury in the atmosphere represents the major pathway 
of global transport of mercury. Although anthropogenic 
source of mercury have reached about 8000 to 1 0000 
tons per year since 1973, non-anthropogenic sources 
are the predominating factors. Nevertheless, mining, 
smelting, and the industrial discharge have been 
factors in environmental contamination in the past. 
For instance, i t is estimated that loss in water 
e ffluent from chloralkali plants, one of the largest 
users of mercury, has been reduced by 99 percent in 
recent years. Also, the use of mercury in the paper 
pulp i ndustries has been reduced dramatically and 
has been banned in Sweden since 1966. Industrial activi-
ties not directly employing mercury or mercury 
products give rise to substantial quantities of this 
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metal. Fossil fuel may contain as much as 1 ppm of 
mercury, and i t is estimated that about 5000 tons 
of mercury per year may be emitted from burning coal, 
natural gas, and the refining of petroleum products. 
About one third of the atmospheric mercury may be 
to 
due.industrial release of organic or inorganic forms. 
Regardless of source, both organic and inorganic 
forms of mercury may undergo environmental transforma-
tion. Metallic mercury may be oxidized to inorganic 
divalent mercury, particularly in presence of organic 
material such as in the aquatic environment. Divalent 
inorganic mercury may, in turn, be reduce to metallic 
mercury when conditions are appropriate for reducing 
reactions to occur. This is an important conversion 
in terms of the global cycle of mercury and a potential 
source of mercury vapour that may be released to the 
earths atmosphere. A second potential conversion of 
divalent mercury is methylation to dimethyl mercury 
by anaerobic bacteria. This may diffuse into the 
atmosphere and return to earth crust or bodies of 
water as methyl mercury in rainfall. 
2.5.1.2. DISPOSITION: 
Effects produced by the various forms or salts 
of mercury is related to cationic mercury per se 
whereas solubility, biotransformation, and tissue 
distribution are i nfluenced by valence state and 
anionic component (Suzuki, 1977; Berlin, 1983; and 
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Clarkson, 1983). Metal 1ic or elemental mercury 
volatilizers to mercury vapour at ambient air tempera-
tures, and most human e x p o s u r e is by inhalation. 
Mercury vapour readily d i ffuses across the alveolar 
membrane and is lipid soluble so that i t has an 
affinity for red blood cells and central nervous 
system. 
Inorganic mercury salts may be divalent 
(mercuric) or monovalent (mercurous) . Gastrointestinal 
absorption of inorganic salts of mercury from food 
is less than 15 percent in mice and about 7 percent 
in a study of human volunteers, whereas absorption 
of methyl mercury is in the order of 90 to 95 percent. 
Distribution between red blood cells and plasma also 
differs. For inorganic mercury salts cell-plasma ratio 
ranges from a high of two with high exposure to less 
than one, but for methyl mercury i t is about ten. 
The distribution ratio of the two forms of mercury 
between hair and blood also differs: for organic 
mercury i t is about 250. 
Kidney contains the greatest concentrations 
of mercury following exposure to inorganic salts of 
mercury and mercury vapour, whereas organic mercury 
has a greater affinity for the brain, particulary 
the posterior cortex. fl owever, the mercury vapour 
has a greater predilection for the central nervous 
system than does inorganic mercury salts, but less 
than organic forms of mercury. 
All forms of mercury crosses the placenta to 
the fetus. Concentration of mercury in the fetus after 
e xposure to alkylmercuric compounds are twice those 
found in the maternal tissue* and methylmercury levels 
in fetal red blood cells are 30 percent higher than 
in the maternal red blood cells. 
Excretion of mercury from the body is by way 
of urine and feces, again differing with the form 
of mercury, size of dose, and time after exposure. 
About 90 percent of methyl mercury is excreted in 
feces after acute or chronic e xposure and does not 
change with time (Meithinen, 1973), whereas renal 
excretion increases with time. 
2.5.1.3. TOXICITY: 
MERCURY VAPOUR: 
Inhalation of mercury vapour may produce an 
acute, corrosive b ronchitis and interstitial pneumo-
nitis and, if not fatal, may be associated with 
symptoms of central nervous system effects such as 
tremor or increased excitability. 
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With e xposure to mercury vapour the major 
effects are on the central nervous system (Friberg 
and Vostalt 1972). Early signs are non-specific 
and have been the 'asthenic-vegetative s yndrome* or 
"m i c r o m e r c u r i a l i s m ". The, clinical f indings includes 
tremor, enlargement of the thyroid, labile Pulse and 
tachycardia, dermographism, gingivitis and h ematologlc 
changes. With increasing exposure the symptoms become 
more characteristic begining with intentional tremors 
of muscles of finger, eye lids and lips and progress 
to violent chronic spasm of extremities. The triad 
of increase excitability, tremors, and gingivitis 
has been recognized historically as the major manifests-
tion of mercury poisoning from inhalation of mercury 
vapour and exposure in the fur, felt and hat industry 
to mercury nitrate (Goldwater, 1972). 
Sporadic instances of proteinuria and even 
nephrotic syndrome may occur in persons with exposure 
to mercury vapour. 
MERCURIC MERCURY: 
Bichloride of mercury (corrosive sublimate) 
is the best known inorganic salt of mercury, and the 
trivial name suggests its most apparent toxicologic 
effect when ingested in concentrations greater than 
1 0 percent. 
A r eference book from the Middle Ages in 
Goldwater's book on mercury describes oral ingestion 
of mercury as causing severe abdominal cramps, bloody 
d iarrboea and suppresion of urine (Goldwater, 1972). 
Corrosive ulceration, bleeding, and necrosis of the 
gastrointestinal tract are usually accompanied by 
shock and circulatory failure. Renal failure occurs 
in serviving patients within 24 hours due to necrosis 
of the proximal convoluted tubules. 
Ingestion of mercuric chloride produces necrosis 
of the epithelium of the pars recta Kidney (Gritzka 
and Trump, 1968). Cellular changes include fragmenta-
tion and disruption of the plasma membrane and its 
appendages, vesiculation and disruption of the 
endoplasmic reticulation and other cyloplasmic 
membranes, dissociation of r ibosomes, mitochondrial 
swelling with amorphous intra-matrical deposits, and 
condensation of the nuclear chromatin. 
MERCUROUS COMPOUNDS: 
Mercurous compounds of mercury are less 
corrosive nnd Ions toxic thnn mercuric salts, 
presumably because they are less soluble. Calomel, 
a powder containing mercurous chloride, has a long 
history of use in medicine. Perhaps the most notable 
modern usage has been as teething powder for children 
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and is now known to be responsible for acrodynia or 
"Pink disease". 
The effects of mercurous salts are independent 
of dose and are thought to be a hypersensitivity 
reaction (Matheson et al. 1980). 
ORGANIC MERCURY: 
Methyl mercury is the most important form of 
mercury in the terms of toxicity, and health effects 
from environmental exposures and many of the effects 
produced by short-term alkyls are unique in the terms 
of mercury toxicity. Most of what is known about methyl 
mercury toxicity is from detailed epidemiologic studies 
of exposed populations (WHO, 1976). 
Two major epidemics of methyl mercury poisoning 
have occured in Japan in Minamata bay and in Niigata. 
Both were caused by industrial release of methyl and 
other mercury compounds into M inamata bay and into 
the Agano River, f ollowed by accumulation of the 
mercury by edible fish. The longest recorded epidemic 
of methyl mercury poisoning took place in the winter 
of 1971-72 in Iraq, resulting in admission of over 
6000 patients to h ospitals and over 500 deaths in 
hospitals (Bakir et a 1 . , 1973). Methyl mercury exposure 
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was from bread containing wheat imported as seed grain 
and dressed with methyl mercury fungicide. 
Several previous e pidemics occured in Iraq 
in 1961
 f in Pakistan in 1963, in Gautamala in 1966, 
and in other countries, but on a more limited scale. 
The major effects of toxicity are neurologic, 
consisting of paresthesia, ataxia dysarthria and 
deafness. The main pathologic features of methyl 
mercury toxicity include degeneration and n ecrosis 
of neurons in focal areas of the cerebral cortex, 
particularly in the usual areas of the occipital cortex 
and in the granular layer of the cerebellum. The 
particular distribution of 1esions. in the central 
nervous system is thought to reflect a propensity 
of mercury to damage small nerve cells in cerebellum 
and visual cortex (Roizin et al., 1977). 
2.5.1.4. TERATOLOGICS. EFFECTS OF MERCURY IN CHICK 
EMBRYO: 
Mclaughlin et al.(1963) have reported that 
inoculation of chick embryo with 0.5 mg of HgCl caused 
the death of all embryos. Reduced h atchability (upto 
8 0%) was noticed with lower doses (Kuahara 1970). 
Organic mercury contaminated fertile eggs were less 
successful in hatching; 85 percent died compared to 
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1 5 percent of controls. The hatching time was prolonged 
by 1-2 days and the body weight was reduced. No 
apparant malformation was noticed, although the gait 
was slightly disturbed. Pathological changes were 
seen in the neurons of the brain (Kojima, 197 0). 
Gilani (1974) has found a number of malforma-
tions in chick embryo by injecting methyl mercury 
solution in various doses ranging from .0009 to .010 
mg per egg. The percentage of survival ranged from 
92 to 15. Malformation observed were: reduced body 
size, small and twisted limbs, microphthalmia, 
excencephaly, short neck, and everted viscera. 
Microscopic examination of heart revealed aortic and 
pulmonary valve anomalies and ventricular septal 
defect. 
Effects of methyl mercury in developing chick 
embryo has been investigated by Greener and Kochen 
(1983) wherein i ncrease in death of embryo and 
absorption was reported. 
Ogunranti et al.(1986) induced chick embryo 
as an experimental model for congenital Niigata-
Minamata desease by injecting 0.02 ml of 0.01 - 0.02 
percent of mercuric chloride into the air sac on the 
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7th day of incubation. Decrease in the brain size, 
disturbed cytoarchitect of the cerebellum and bilateral 
cerebral h ypoplasia were observed. A ffected chicks 
had incordination and ataxic gait, leg weakness and 
poor vision. Besides the neurological f eatures an 
increase in the PAS positive material in the liver 
was noticed histochemical1y. 
2.5.1.5. TERATOLOGICAL EFFECTS OF MERCURY IN 
OTHER ANIMALS: 
Teratogenic effects of mercury in 1aboratory 
animals are usually the result of i ntravenous 
injections of large doses. Mercury given orally produce 
subtle and delayed effects. Environmental exposure 
to mercury is mostly by consuming contaminated food 
and water. 
HAMSTER: 
Marked teratogenic effects have been noticed 
in hamster induced by methyl mercuric chloride given 
in single dose of 8 mg/kg given on susceptible days 
or 2 mg/kg daily through out pregnancy (Harris et 
al. , 197 2). 
A small number of m iscellaneous abnormalities 
have been reported in golden hamster by Gale and Ferm 
(197 1). 
MICE: 
Dose related incidence of cleft palate and 
decreased. hebavioral , emotionality and locomotor 
activity in mice was reported by injections of methyl 
mercury (Okita et al., 1974). Single dose of methyl 
mercury produced growth and developmental retardation 
and congenital malformation. The variety and frequency 
of malformation was dependent on strain, dose and 
the day of treatment (Spyker and Smithberg, 1972). 
It has been found -that the p lacenta of mice is no 
barrier to methyl mercury, as it is distributed in 
the fetus in concentrations comparable to those found 
in maternal tissues (Berlin and Ullberg, 1963). 
Methyl mercury given orally in high doses 
resulted in still birth of all the pups or death of 
the neonates. However low doses produced characteristic 
transitory inhibition of cerebellar cellular migration 
from the external granular layer and depressed reaction 
of oxidative enzyme (Khera and Tobacova, 1973). 
Injections of ethyl mercuric phosphate into 
pregnant mice on 10th day (40 mg/kg) resulted in 
decrease in the fetal weight, and 31.6 percent 
incidence of cleft palate (Oharazava, 1968). 
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RAT: 
Methylmercury given to rats in the dose of 
0 .1 tag/kg through out pregnancy resulted in reduced 
birth weights and post-neUrological disorders (Fujita, 
1969). The dose of 0.2 5 mg/kg methyl mercury did not 
have adverse effect on the offsprings. However, some 
histological effects involving eye lids, exorbital 
lachrymal gland and the parotid gland were detected 
(Khera and Tobacoba, 1973). 
Ethyl mercury compounds were found to be most 
toxic in rats in respect to generative functions and 
offspring (Goncharuck, 197 1). 
Increased fetal deaths, runting, and Oedema 
have been reported after continuous exposure of methyl 
mercuric oxide in pregnant rats. No gross behavioral 
changes were noted during the first 3 weeks post partum 
in the pups (Mottet, 1 974). Moderate low dose of methyl 
mercuric h ydroxide (4 to 6 mg/kg, days 6-19 of 
pregnancy) produced abnormalities of the ribs (delayed 
clacification), brain, heart, and testes (Scharpf 
and Hill , 1 97 3) . 
Pregnant rats fed with methyl mercuric chloride 
produced coal formations of the cerebellum (Matsumoto 
et al. 1967). Fetal rat brain has been reported to 
contain higher concentrations of mercury (Yang et 
al. 1972). No adverse effects on conception or 
pregnancy was found by Newbenne et al.(1972) in rats 
fed with 12 ug of methyl mercury per kg in fish 
concentrate. This amount is equivalent to eight times 
the average amount of fish consumed per capita in 
U.S.A. according to Newberne's calculation. It was 
concluded that the rat may not be the best model for 
providing data for extrapolation to man. 
CAT'. 
Khera (1973) has reported increase incidence 
of abortion and fetal anomalies and in surviving 
fetuses a reduced neuronal population in the external 
granular layer of cerebellum in pregnant cats fed 
with 0.25 mg of methyl mercuric chloride. 
Granular atrophy of the cerebellum has also 
been reported in mother and affected Kittens after 
mercury exposure (Morikawa, 1961). 
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DOG: 
It has been noted that methyl mercuric chloride 
given in the dose of 0.1 mglkg/day to dogs pregesta-
tionally and throughout pregnancy (av, 17H days) caused 
one of the 10 litters to be abnormally developed i . e . , 
omphalocele, cleft palate, patent fontanelles, super-
fluous phalanges and enlarged kidneys (Earl et al., 
1 97 3). 
HUMAN: 
Mercury is one of the few metals which has 
been strongly suspected to have a teratogenic effect 
in man. 
The adverse effects of mercurial pollution have been 
reported from Minamata and Niigata in Japan, as 
Minamata's disease in newborns (Muro and Gojer, 1969t 
Matsumota et al.,1965t Irukayama, 1969; Takenchi, 
1970). It is characterised by diffuse neuronal dis-
integration in the cerebellar cortex and associated 
changes in the cerebral cortex. This disease is 
apparently due to consumption of shel1 fish contaminated 
by alkyl mercury compounds from local industrial wastes. 
Tejning (1961) reported the passage of MeHg 
across the placenta in women and its possible 
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preferential concentration in the fetust human fetal 
erythrocytes showed 28% greater Hg concentration than 
maternal erythrocytes. Methyl mercury is more readily 
transferred across the placenta than HgCl (Suzuki 
et al., 1967). In utero exposure can cause Hg poisoning 
even when the mother herself has no overt signs of 
exposure (Snyder, 1971). 
In Iraq seed wheat treated with mercurial 
compound for weevil control was used for food and 
a catastrophic Hg poisoning of the population occured. 
Few data concerning teratology have yet evolved from 
this incident. It is estimated that a relatively low 
number of pregnant females were affected, and death 
occured in almost half of these cases (Bakir et al., 
1 97 3). 
Cell culture of 1ymphocytes from guinea pigs, 
rats, dogs, and man treated with low concentrations 
of various Hg compounds produced 1ympyocyte transforma-
tion and chromosomal breaks, abnormal cell division, 
and vacuolization (Schopf and Nagy, 1970; Fiskesjo, 
1970; Vallee and Ulmer, 1972; Skerfring et al. 1970). 
2.5.2. LEAD: 
"If we were to judge of the interest excited 
by any medical subject by the number of writing to 
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which it has given birth, we could not but regard 
the poisoning by lead as the most important to be 
known of all those that have been treated oft up to 
the present time." 
-ORFILA 181 7. 
Lead, the most ubiquitous toxic metal, is 
detectable in practically all phases of the inert 
environment and in all b iological systems. It is a 
dense, bluish grey 1usturous metal having 11.34 
specific gravity and 8 2 atomic number. There is no 
demonstrable biological need of lead and it is toxic 
to most living things at high exposure. 
2.5.2.1. SOURCE: 
Food is the main source of lead although its 
quantity is very variable. There are practically no 
lead free food items. Environmental and presumably 
controllable source include lead-based indoor paint 
in old dwellings» lead in air from combustion of lead 
containing auto exhausts or industrial emissions, 
lead-based paint, hand to mouth activities of young 
children living in polluted e nvironments, and less 
commonly, lead dust brought home by industrial workers 
on their clothes and shoes, and lead glazed earthen 
ware. 
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Air is a third source of lead exposure for 
general population. Concentration of lead in air also 
vary widely and it is much higher in urban environment 
than in rural areas. 
2.5.2.2. DISPOSITION: 
About 5 to 15 percent of ingested food is 
absorbed by the gastrointestinal tract. Absorption 
is influenced by a large number of factors of which 
age and nutritional factors are of particular 
importance. Children are known to have a greater 
absorption of lead than adults. 
In the atmosphere lead exists either in solid 
form, dust or particulates of lead d ioxide, or in 
the form of vapours, particularly alkyl lead that 
has escaped by evaporations from automobile fuel 
s ystem. 
Absorption of lead by lungs also depends on 
a number of factors in addition to concentration. 
These include volume of air respired per day, whether 
the lead is in particle or vapour form, and size 
distribution of lead containing particles. 
Blood level of the lead is a good indicator 
of recent exposure to lead which is dependent upon 
inhalation and i ngestion. It also varies with age 
(Hahaffey et al . ,1 982). More than 90 percent of lead 
in blood is in the red blood cells. There are two 
major compartments suggested for lead in the red blood 
cells, one associated with the membrane and the other 
with hemoglobin (Barltrop and Smith, 1971). 
The total body burden of lead may be divided 
into atleast two Kinetic pools, which have different 
rates of turnover. The largest and kinetically slowest 
pool is the skeleton with a hal f-life of more than 
20 years and a much more labile soft tissue pool. 
Kidney lead accumulates with age: Lead in lung does 
not change. Lead in the central nervous system tends 
to concentrate in grey matter and certain nuclei. 
Placental transfer of lead also takes place. 
2.5.2.3. TOXICITY: 
Nearly all environmental e xposure to lead is 
to inorganic compounds, even lead in food. Its toxic 
effects on central nervous system are most significant 
in terms of human health and performance (Needleman, 
1980; Rutter and Jones, 1983). Manifestations of CNS 
effects are encephalopathy and/or peripheral neuropathy 
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Lead encephalopathy is accompanied by severe 
cerebral edema, i ncrease in cerebral spinal fluid 
p ressures, proliferation and swelling of endothelial 
cells in capillaries and arterioles, proliferation 
of glial cells, neuronal degeneration, and areas of 
focal cortical necrosis. 
Peripheral neuropathy is a classical manifesta-
tion of lead toxicity, particularly the footdrop and 
wristdrop that characterized the house painter and 
other workers with e xcessive occupational exposure 
to lead more than a half century ago (Thomas, 1904). 
Segmental demyelination and possibly axonal degenera-
tion follow 1ead-induced Schwann cell degeneration 
(Larapert and Schochet, 1968). Wallerian degeneration 
of posterior roots of sciatic and tibial nerves is 
possible, but sensory nerves are less sensitive to 
lead than motor nerve structure and function 
(Schlaepfer, 1 969). 
Lead has multiple haematological effects. In 
lead induced anaemia, the red blood cells are 
microcytic and hypochromic, as in iron deficiency, 
and usually there are increased numbers of reticulo-
cytes with basophilic stippling. This morphologic 
characteristic results from inhibition of the enzyme 
pyrimidine-5-nucleotidase (Paglia et al.,197 5), which 
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clears residual nucleotide chains remaining in 
erythrocytes after extrusion of the nucleus. The 
activity of this enzyme is decreased in persons with 
elevated blood lead levels even when stippling is 
not morphologically evident. The biochemical basis 
of the anaemia is not known but is accompanied by 
inhibition of sodium and potassium-dependent ATPase's 
(Hernberg et al., 1967). 
Effect of lead on the Kidney divide into two 
major concerns: reversible renal tubular dysfunction 
in acute exposure usually associated with overt central 
nervous system effects, and irreversible chronic 
interstitial nephropathy characterized by v ascular 
sclerosis, tubular cell atrophy, interstitial fibrosis, 
and glomerular sclerosis (Goyer, 1971a). 
A pathognomonic feature of lead poisoning is 
the presence of characteristic nuclear inclusion bodies 
to which most of the lead is bound in tubular cell 
forming a lead-protein complex (Goyer, 1 971 bt Moore 
et al., 1973). Cells containing the inclusion bodies 
are usually swollen and contain altered mitochondria. 
It has been shown that m itochondria i solated from 
kidneys of rats with lead toxicity have impaired 
oxidative and phosphorylative abilities. 
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Reports regarding the carcinogenic effects 
have also received much attention (IARC, 1980). It 
is clear that lead can induce cancer in kidney of 
rodents fed high doses of lead (Moore, and Meredith, 
1979, Baker et al.,1980s Lilis, 1981). 
Other effects of lead toxicity include sterility 
abortion, neonatal mortality and morbidity, and 
increased chromosomal defects (Deknudt et al., 1977). 
2.5.2.4. TERATOWGICAL EFFECTS OF LEAD IN CHICK EMBRYOt 
Ectopic conditions have been reported in one 
of the early experiments in chick embryo by sublethal 
doses of Lead (Franke et al,1936). 
Teratogenic effects induced by the lead salts 
including defects of anterior central nervous system 
(hydrocephalus and anterior meningocoele) in chick 
embryo has been reported by a number of workers 
(Catizone and Gray, 1941; Butt et al., 1 95 21 Karnofsky 
and Ridgway, 1952). These investigations have been 
supported by the studies conducted by Gilani (1973), 
and Hirano and Kochen (197 3) wherein increased 
incidence of embryonic death, growth retardation and 
severe malformat ions of brain occurred in chick embryos 
exposed to small amounts of inorganic lead compounds 
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during early development. Such changes are believed 
to be related to an abnormal a Iteration in cerebral 
vasculature. 
King and Liu (197 4) injected .07 5% solution 
of lead acetate into the white leghorn eggs and found 
7 5% of surviving embryos grossly malformed. The 
malformations were of head ("81%^ digits (40%)t beak 
(27%), abdomen (10%), twisted neck (1%) and hematoma 
(7%). 
Lead injected into the Yolk sac on '\\th day 
of incubation produced reduction in hatchability, 
growth retardation, h ydrocephalus, defective beak 
and legs, microphthalma, anopthalmia and curling of 
hair (Anwar et al . , 1987, 1988). 
2 . 5 . 2 . 5 . TERATOLOGICAL EFFECTS OF LEAD IN OTHER ANIMALS: 
GOLDEN HAMSTER: 
Lead salts induced malformations (primarily 
localized within the sacral and tail vertebrae were 
characterized by varying degrees of tail malformations 
ranging from stunting to complete absence of tail 
(Perm and Carpenter, 1967; Ferm and Ferm, 1971). 
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MICE'. 
High doses of lead c'lloride given to pregnant 
mice on 9th day of gestation resulted in remarkable 
decrease in fetal weight (61%) with i ncomplete and 
/or delayed ossification in 7 5% of the fetuses. Infant 
mortality was 80% as compared to 25? of the controls. 
Gross motor activity was also reduced to about 50% 
of the control but the righting reflex was un-affected 
(HcLellan et al. ,197 4) . 
LAMB: 
James et al. (1966) have reported abortion and 
death due to lead intoxication in ewes on feeding 
them t< mg of lead acetate/kg/day. 
HUMAN: 
Low levels of lead e xposure has been found 
to be without any effect on human fetuses (Greenfield, 
1957). However, severe exposure results in abortion 
(Taussig, 1936; Wilson, 1966), neurological d isorder 
(Angle and Mclntire, 1 964) and growth retardation 
(Palmisano et al.,1969). Wilson (1966) has reported 
that high levels of lead in drinking water caused 
the birth of a stillborn infant and of an infant with 
congenital nystagmus and partial albinism. 
Lead, at high level exposure crosses the human 
placenta (Barltrop, 1969). However, the value of its 
teratogenic data concerning human has been questioned 
because the doses involved could not be calculated 
(Clegg, 1971). Similarly the route of administration 
and extremely high doses involved in hamster terato-
genic experiments render extrapolation to man almost 
impossible. 
2.5.3. ARSENIC: 
Arsenic is difficult to characterize as a single 
element because of its complex chemistry and many 
different compounds. It may be trivalent or pentavalent 
and is widely distributed in nature. T'le most common 
inorganic trivalent arsenic compounds are arsenic 
trioxide, sodium a rsenite and arsenic t richloride. 
Pentavalent inorganic compounds are arsenic pentaoxide, 
arsenic acid, and arsenate such as lead arsenate and 
calcium arsenate. Organic compounds may also be 
t rivalent or pentavalent such as arsanilic acid, or 
even in methylated forms as a consequence of bimethyla-
tion by organisms in soil and fresh and seawaters. 
Arsenic shows significant allotropy. The 
different allotrops are alpha-arsenic, beta-arsenic 
and gamma-arsenic. Gamma-arsenic is s teelgrey brittle 
crystal with metallic lusture. It has 5.73 specific 
gravity and 33 atomic number and marked conductivity 
for heat and electricity. 
2.5.3.1. SOURCE: 
The major source of occupational e xposure to 
arsenic is in the manufacture of pesticides, herbicides 
and the other agricultural products (Landrigan, 1981). 
High e xposure to arsenic fumes and dust may occur 
in the smelting industries; the highest concentrations 
most likely occur among roaster workers. 
Arsenic is mainly transported in the environment 
by water, and airborne arsenic is generally due to 
contributions from i ndustrial contamination. Most 
foods also contain some amount of arsenic. 
2.5.3.2. DISPOSITION: 
Air borne arsenic is largely trivalent arsenic 
oxide, but deposition in air ways and absorption from 
lung is dependent on particle size and chemical form. 
Studies show that 6 to 9 percent of orally 
administered 74 As-labelled trivalent or pentavalent 
arsenic is eliminated in faeces in mice (Vahter and 
Norim, 1980), indicating almost complete absorption 
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from gastro-intestinal tract. Limited data also suggest 
nearly complete absorption of soluble forms of 
trivalent and pentavalent arsenic (Tarn et al.t 1979). 
Excretion of absorbed arsenic is mainly via urine. 
Arsenic has a predilection for skin and is 
excreted by desquamation of skin and sweat, particular-
ly during periods of profuse sweating. Arsenic in 
nails produces Mee lines (transverse white bands across 
finger nails) appearing about six weeks after onset 
of s ymptoms of toxicity. Arsenic in hair may also 
reflect past exposure. Human milk contains about 
3 ug/lit of arsenic. 
Placental transfer of arsenic has been shown 
in hamsters injected intravenously with high doses 
(20 mg/kg body weight) of sodium arsenate (Perm, 1977). 
2.5.3.3. TOXICITY: 
Arsenic has been a classical poison since ages. 
Ingestion of large doses (70 to 180 mg) may be acutely 
fatal (Vallee et al.,1960). It produces hepatomegaly, 
upper respiratory symptoms, peripheral neuropathy, 
gastrointestinal and cardiovascular effects including 
cardiac arrythmia and circulatory failure. Acute 
ingestion results in damage to mucosa and sloughing. 
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Liver damage is characteristic of longer-term 
or chronic exposure. Toxicity to hepatic parenchyma 
results in elevation of liver enzymes in blood and 
non-specific manifestations of cell injury such as 
loss of glycogen. 
Arsenic has sped fie effects on the endothelial 
cells of the blood vessel in liver. Skin is the 
critical organ of arsenic toxicity and a variety of 
skin lesions have been associated with arsenic 
intoxication. 
Long-term exposure to arsenic has been found 
to be associated with cancers of liver (Popper et 
al., 1978), Skin (Tseng, 1977), Lung (Ott et al., 
1974i Lee and Fraumeni, 1969, Pinto et al., 1 97 81 
Ivankovic, 1979). 
Studies on mutogenic effects of arsenic have 
shown that inorganic arsenic compounds do interfere 
with DNA repair mechanism in bacteria and dermal cell 
cultures. An i ncreased frequency of chromosomal 
aberrations has been found among workers exposed to 
inorganic arsenic compounds and patients taking drugs 
containing arsenic (Lofroth and Ames, 1978). 
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2.5.3.4. TERATOLOGICS EFFECTS OF ARSENIC IN CHICK 
EMBRYO: 
Injections of inorganic arsenic into the eggs 
results in stunting, micromelia, abdominal oedema, 
and a high percentage of dose-related death of chick 
embryo (Franke et a l . , 1936; Ridgway and Karnofsky, 
I 952). 
Ancel (1946) has reported that methyl arsenate 
(organic arsenic) produce spina bifida in chick embryo. 
2.5.3.5. TERATOLOGICAL EFFECTS OF ARSENIC IN OTHER 
ANIMALS: 
Compounds of arsenic were formerly used as 
"alternatives and tonic" in various conditions in 
human medicine. They are no longer extensively used, 
but acute exposure can result from arsenic containing 
pesticides, herbicides, and desiccants. Liverstock 
especially cattle, are frequently poisoned by residual 
arsenic around lipping vats, filling places of spraying 
and dusting rigs, and old orchards. Large quantities 
of arsenic compounds have been i ntroduced into the 
environment for over 100 years through such processes 
as smelting, manufacturing, use in paints and 
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industrial chemicals, and agricultural applications. 
Chronic exposure may occur from paints, dyes, cosmet ics 
and pesticides. 
A fair amount of informat ion is available 
concerning the placental transfer of arsenic during 
gestation. Much of this informat ion concerns the past 
use of organic arsenicals as antisyphlitic agents 
in human pregnancies. Studies of the effects of 
inorganic arsenic compounds in fertility and repro-
duction have been useful in determining the effect 
of this mental upon embryonic development. 
HAMSTER: 
Intravenous injections of sodium arsenate 
produced serious developmental malformations (mild 
encephaloceles to complete excencephaly) in golden 
hamster when injected during critical stages of embryo-
genesis. The effect of arsenic is c onsidered site 
specific in the hamster, related perhaps to the 
embryonic mesenchyme (Ferm and Carpenter, 1968). 
Hamsters are reported to be most sensitive 
to sodium arsenate in doses of 20-25 mg/kg to produce 
teratogenic effect (Ferm et al.,1971). Malformations 
commonly reported are skeletal defects involving 
ribs and cranium and genitourinary abnormalities. 
NICE: 
Sodium a rsenate has been reported to be a 
general. rather than site-specific, teratogen in mice 
affecting several different system (Hood and Bishop* 
197 2). Single intraperitoneal injections given to 
Dams on one of 6 to 1 0 days of gestation produces 
offspring with malformations such as exencephalyi 
micrognathia, protruding tongue and other defects. 
Hood and Pike (1972) have reported that both sodium 
a rsenate and arsenite are embryocidal and teratogenic 
in mice. 
Pregnant mice fed with arsenic produced elevated 
ratio of males to females (Schroeder and M itchener, 
1971). Five ppm of arsenic in the drinking water of 
b reeding mice did not produce significant effect on 
fertility or v lability of the offspring in a three 
generation study. 
RAT: 
Most sensitive dose of arsenic to produce 
teratogenic effects in rat is 30 mg/kg on day 8-10 
of gestation. Birth defects i ncluded the skeletal 
defects (ribs, vertebrae and cranium) and genitourinary 
defects (Beaudoin, 1974). 
CAT AND RABBIT: 
In experiments with rat and rabbit pregnancies, 
Underbill and Amatruda (1923) found that small amounts 
or organic arsenical a rsphenamine, could be found 
in fetal tissue following intravenous administration 
of drug to the pregnant mothers. They were unable 
to produce any malformat ions in the offspring. 
LAMB: 
James et al.(1966) has reported that Bred ewes 
fed with low doses of potassium arsenate exibit no 
malformation of the lambs, but higher doses prove 
toxic and stunt fetal growth. 
HUMAN: 
An interesting case of acute inorganic arsenic 
poisoning in a late human pregnancy with placental 
transfer of the metal and resulting fetal death has 
been reported by Lugo et al.(1969). 
its deficiency results in severe health consequences. 
On the other hand, excessive e xposure to zinc is 
relatively uncommon and requires heavy exposure. Except 
for iron, the amount of zinc required in diets and 
found in tissues are substantial! y greater than those 
for any other metal. It has a multitude of effects 
and essential functions in animals. Even so, zinc 
research lagged far behind that of other elements. 
Unequivocal proof of its necessity in animals was 
not established until 1934, when deficiencies were 
developed in the rat (Todd et al. 1934). This is in 
sharp contrast to much earlier work with iodine and 
iron. A zinc deficiency was not r ecogn i zed as having 
practical importance in animals, untill 1955. The 
work of Tucker and Salmon (1955) showing that 
inadequate zinc was responsible for parakeratosis 
in swine led to great interest in this element . 
2.5.4.1. SOURCES: 
Zinc is ubiquitous in the environment so that 
it is present in most food stuffs, water and air 
content may be increased in contact with galvanized 
copper or plastic pipes. Sea foods, meats, whole grains 
dairy products, nuts, and legumes are high in zinc 
content. Vegetables are lower. Zinc applied to soil 
is taken up by growing vegetables. Zinc atmospheric 
levels are increased over industrial areas. The average 
daily intake is approximately 12 to 15 mg mostly from 
food. 
2.5.4.2. DISPOSITION: 
Zinc does not accumulate with continued exposure 
but body content is modulated by homeostatic mechanism 
that act principal 1y on absorption and liver levels 
(Underwood, 197 7 i NRCC, 1 981 i Sandstead, I 981 j Prasad, 
1 98 3). 
About 20 to 3 0 percent of ingested zinc is 
absorbed. The mechanism is thought to be homeostati-
cally controlled and is probably a carrier-mediated 
process (Davies, 1980). It is influenced by prosta-
glandins £2 and ¥2 and is c'} elated by picol inic acid-
a tryptophanderivative. Deficiency of p yridoxine or 
tryptophan depresses zinc absorption. Within the 
mucosal cell, zinc induces metallothionein synthesis 
and, when saturated, may depress zinc absorption. 
In the blood, about 2/3 of the zinc is bound to albumin 
and most of the remainder is complexed with B-macro-
globin. Zinc enters the GIT as a component of metallo-
theonein secreted by the salivary glands, intestinal 
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mucosa, pancreas and liver. About 2 gms of zinc is 
filtered by the kidneys each day and about 3 00 to 
600 ug/day is actually excreted by normal adults. 
Renal tubular re-absorption is impaired by commonly 
prescribed drugs, such as thiazide diuretics and is 
further influenced by dietary protein. There is a 
good correlation between dietary zinc and urinary 
zinc excretion. 
Zinc concentration in tissues varies widely. 
Liver receives upto about 4 0% of tracer dose, declining 
to about 2 5% with in five days. Liver concentration 
is influenced by humoral factors including adenocorti-
cotropic hormone, parathyroid hormone, and endotoxin. 
In the liver, as well as other tissues, zinc is bound 
to metallotheonein. The greatest concentration of 
zinc in the body is in the prostate, probably related 
to the rich content of zinc containing enzyme acid 
phosphatase. 
2.5.4.3. TOXICITY: 
Zinc is one metal whose deficiency is more 
detrimental than excess. More than 7 0 metalloenzymes 
require zinc as a cofactor, and deficiency results 
in a wide spectrum of clinical effects depending upon 
age, stage of development, and deficiencies of related 
metals. In humans it was first characterized by Prasad 
and co-worker(1963) in adolescent Egyptian boys with 
growth failure and delayed sexual maturation and is 
accompanied by protein-caloric malnutrition, pellegra , 
iron and folate deficiency. Zinc def iciency in the 
new born may be mani fested by dermatitis, loss of 
hair, impared healing, susceptibility to infection 
and neuropsychologic abnormalities. 
Maternal zinc deficiency has also been shown 
to be teratogenic in mammals. A sub-population of 
pregnant women might be in a marginal Zn status due 
to dietary intake significantly below the recommended 
daily allowance or protein-energy malnutrition. Even 
the consumption of an 'adequate' diet by mother does 
not necessarily translate into 'good' embryonic/fetal 
nutrition. Whether due to malnutrition in the develop-
ing world or d iabetes and alcoholism in the affluent 
western world, a pregnant mother in the sub-optimal 
nutritional status may develop a zinc deficiency and 
place her child at serious risk of developmental 
anomalies (Parkhie, 1993). 
Zinc toxicity from e xcessive i ngestion is 
uncommon, but gastrointestinal distress and d iarrhoea 
have been reported following ingestion of beverages 
standing in galvanized cans or from use of galvanized 
utensils (Prasad, 1976; Miller, 1979). However, 
evidence of hematologic, hepatic, or renal toxicity 
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has not been observed in individuals ingesting as 
much as 12 gms of elemental zinc over a two day period. 
Considering the industrial exposure, metal 
fume fever resulting from inhalation of freshly formed 
fumes of zinc presents the most s ignificant effect. 
This disorder characterised by attacks of chills and 
fever, profuse sweating, and weakness has been most 
commonly associated with inhalation of zinc oxide fume 
but it may be seen after inhalation of fumes of other 
metals. The pathogenesis is thought to be due to 
endogenous pyrogen released from cell lysis. 
Compared with many trace elements zinc is 
relatively nontoxic (Underwood, 1977; Prasad, 1976). 
Except for special situations in which large amount 
of zinc are obtained inardvently, pharmacologically, 
or due to industrial activity or contamination, 
apparently zinc toxicity is a rare practical problem. 
Animals have relatively good homeostatic control 
mechanism for eliminating excess zinc. Experimental 
animals have been given 100 times dietary requirements 
without discernible effects (Goyer et al., 1979). 
Cattle and sheep are less tolerant to high dietary 
zinc than rats, swine and poultry (Underwood, 1977% 
Miller et al . ,1 97 8) . 
Testicular tumors have been produced by direct 
intratesticular injection in rats and chickens. This 
effect is probably related to the concentration of 
zinc normally in the gonads and may be hormonal ly 
dependent. Zinc salts have not proved carcinogenic 
when administered to animals by other routes (Furst* 
1 981 ) . 
Sperm cells incubated with varying concentra-
t ions of zinc and other metals showed decrease in 
mobility, intra-cellular ATP, levels of glucose, 
f ructose and LDH activity and membrane d ysfunction 
(Jamil 1993). 
2.5.4.4. TERATOLOGICAL EFFECTS OF ZINC IN CHICK EMBRYO: 
The possibility of zinc causing any significant 
teratogenic effect from an environmental hazards are 
considered rather remote. Zinc is a metal wherein 
a deficiency is more detrimental to embryo than its 
excess (Blamberg et al. 1960; Hurley and Swenerton, 
1966; Warkany and Petering, 1972; Ferm and Hanlon, 
1974). Its deficiency and teratogenic effects are 
also well documented by Standstead and several co-
workers (Standstead, 1967; Swenerton and Harley, 1971 ; 
Halas, 1975; Campanacci, 1978). 
It has been reported that zinc sulphate produce 
marked increase in chick mortality (Jencen, 1975). 
In one of the e xper intents conducted by Shamal and 
Singh (1982) fertile white Leghorn chick eggs were 
injected with different doses of zinc sulphate solution 
Embryos collected on 19th day showed 50% mortality 
and 37.54% malformed out of the livings. The malforma-
tion included beak defects, cranial swel1ing (hydro-
cephalus) t meningocele, excencephaly, eye defects, 
limb defects, protruded abdomen, evisceration and 
yolk sac defect. 
2.5.4.5. TERATOLOGICAL EFFECTS OF ZINC IN OTHER ANIMALS 
Zinc excess is apparently uncommon natural 
event in mammalian systems, and little is known 
concerning the effect of an excess of this metal on 
reproduction and embryonic development particularly 
with reference to teratogenicity. 
Zinc in excess amount does not produce any 
significant teratogenic effects in guinea pigs, sheep 
and man though it crosses the placenta in s igni ficant 
amount (Sternberg et al., 1961). In a multigeneration 
study in rats 5000 ppm of ZnC12 increased the mortality 
of the offspring, a finding believed to be related 
to the destruction of the B-cells of the islets of 
Langerhans (Underwood, 1962). 
Ferm and carpenter (1968) have shown the mild 
teratogenic effect of excess of zinc on the hamster 
embryo. Slight increase in the frequency of hydro-
cephalus in rat embryo has also been reported following 
excess zinc in the maternal diet (O'Dell, 1968). 
An example of the types of studies which might 
yield important data is afforded by the experiments 
of Cox et al. (1969), who have studied the effects 
of excess dietary zinc on pregnant rats. They analysed 
both maternal and fetal tissues for the effect of 
excess zinc on the disposition of a number of other 
metals as well as changes in certain enzymatic 
activity. 
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2.7. CHICK EMBRYO AS A MODEL FOR EXPERIMENTAL 
TERATOLOGY: 
For more than a century-the chicken embryo 
has been used to test the toxicity and teratogenic! ty 
of a wide variety of chemicals, but its usefulness 
in predicting teratogenicity has been widely disputed. 
The World Health Organization Scientific group (1967) 
stated unequivocally that the method was 'not 
recommended' because there is no parallel between 
the chicken embryo and mammals since the former lacks 
a placenta, and there is no similarities in either 
anatomical or physical characteristics. 
More recently, the use of chicken embryo has 
been r ecommended as a useful tool in screening for 
the teratogenic potential of the large number of 
chemicals being introduced into the environment 
(Gebhardt, 197 2). Wilson (1978) has described four 
reasons to re-introduce the use of chicken embryo 
as a screening subject: (1) It is readily available 
(2) large numbers of test animals may be used with 
relatively small expenditure for equipment and 
personnel» (3) It is highly sensitive to a broad range 
of chemical and physical agents; and (4) closely 
parallels the mammal in morphological development. 
Investigations by Verrett et a I . (1 980) indicate 
that chick embryo is capable of demonstrating the 
teratogenic potential of compounds, and that it is 
selective and does respond n on-specifically to any 
agent introduced during development. Though extra-
polation to human being is d if ficult but it has been 
found that most of the teratogenic agents to other 
species are teratogonic to man also. 
Fisher and Schoenwol f (1983) have also 
recommended the use chick embryo in experimental 
embryology and teratology. However, thny found better 
results with certain modifications in standard 
technique like addition of albumin or saline to the 
egg followed by rotation. 
MATERIALS 
AND 
METHODS 
3. MATERIALS AND METHODS 
3.1. PROCUREMENT AND SELECTION OF EGGS 
Fertile eggs of, the white leghorn chicken 
obtained from the Government Poultry Farm, Aligarh, 
were used in this study. Stock of the birds used as 
source of eggs were nutritionally healthy and free 
from any genetic disorder. 
Eggs were initially candled to discard the 
defective one and to outline the location of air cell. 
Some of the eggs were also discarded on account of 
cracked and improperly calcified shell, tremulous 
and wrongly placed air cell and blood clots. After 
selection, the eggs were randomised in order to avoid 
the presence of series of infertile egg in any set 
of experiment. 
3.2. HEAVY METALS USED 
Sterile solution of metallic salts of mercury, 
lead, arsenic and zinc were used for the injections. 
Following salts and doses were used: 
a) Mercuric chloride (HgC12) - 5 ug/egg. 
b) Lead nitrate (Pb (N03)2 ) - 100 ug/egg 
c) Arsenic trioxide (AS203)- 5 ug/egg 
d) Zinc sulphate (Zn S04)- 100 ug/egg 
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Freshly prepared solutions of the salts in 
distilled water were used with every set of experiment. 
The dose of each metal injected per egg was ascertained 
after a wide range of trial in order to find maximum 
survivals and uniformity,in comparison. 
3.3, PLAN OF THE EXPERIMENT 
After proper selection a total no. of 2382 
eggs were used in this study. Two groups of (control 
and experimental) eggs were made out of this stock. 
Control eggs were injected with 0.05 ml of distilled 
water in order to rule out any deleterious effect 
of experimental procedure and distilled water used 
for making salt solution. Experimental eggs were given 
i njections of different metallic salt solutions. All 
the injections were given on 5th day of incubation 
and experiment was carried out in batches. 
Thus
 t for the mercury 639 eggs were used out 
of which 262 eggs were taken as control. 3 77 eggs 
were given i njections of aqueous sol. of mercuric 
chloride in the dose of 5 ug/egg. 
For the lead 23 7 eggs were taken as control 
while 316 eggs were experimented treated with solution 
of lead nitrate (100 ug/egg). Experiment with arsenic 
was performed on 597 eggs. 327 eggs were injected 
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with arsenic t rioxide solution (5 ug/egg) and rest 
were used as control. 
Total number of 598 eggs were used for zinc, 
264 eggs were taken as control and 334 eggs were given 
injection of zinc sulphate solution (100 ug/egg). 
3.4. INJECTION TECHNIQUE 
Technique of injection was used as described 
by McLaughlin et al.(1963). Solutions of the metallic 
salts were prepared in distilled water in the desired 
strengths so that the eggs receive the dose of the 
metal as mentioned above by injecting .05 ml of the 
solution. 
Before being used metal lie solutions were 
antoclaved for about 10 minutes. Control eggs were 
injected with equal volumes of distilled water. 
The eggs used for each set of experiment were 
kept in the standard incubator in trays maintained 
at 3 8c optimal temperature and about 60-65% of relative 
humidity (Figure-4). Manual rotation was done 3-4 
times each day. On the 5th day eggs were taken out 
and cleaned with soap and water. Large end of the 
eggs was wiped with gauge soaked in7 0% alcohol and 
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a hole is drilled in the shell in the centre of the 
surface over the shell (Figure 2). Care was taken 
not to damage the shell membrane with the point of 
the drill to avoid the contact of air with the egg 
membrane. Fine particles, of the shell were removed 
to prevent the needle from carrying them into the 
yolk sac. 
Before injecting, each egg was shaken with 
a quick twist of the wrist. Since the germinal disc 
occasionally sticks to the air cell and it is possible 
to damage it with the needle, this movement will allow 
the disc to float free in the egg. 
Tuberculin syringe used for injection (hypo-
dermic 1 inch long, 24 no.) was loaded with the 
solution and the needle was inserted horizontally 
into the air cell. Care was taken in withdrawing the 
needle to avoid damage to the vitelline membrane since 
it could cause the yolk sac to spread out in the 
albumin. The needle was wiped with a sterile gauze 
pad between each injection. Immediately after injection 
the hole in the shell was sealed with paraffin wax. 
3.5. INCUBATION AND CANDLING 
The injected eggs were replaced into the 
Fig.3: Photograph of the candling box used in the 
exper iment. 
Fig.4: Photograph of the i ncubator used in the 
experiment. 
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incubator in trays with their broad ends up. Manual 
rotation of the eggs were continued 3-4 times n day. 
Eggs were candled on 4t/j day and every day after 
(Figure-3). Number of nonviable embryo were noted 
and removed from further incubation. On 18th day of 
incubation eggs were taken out, shells were broken 
to collect the embryos. Total number of living and 
dead embryo were noted. Living chicks were k i l l e d 
by drowning in water. Gross malformations were care-
fully observed and recorded. After opening the abdomen 
embryos were preserved in groups from each set of 
experiment seperately as follows : 
1) In 10% formalin for Heamatoxylin Eosin and von 
Gieson's staining of various tissues. Some of the 
embryos were dissected to examine the normal organs. 
2) In 9 5 percent alcohol for Alizarin red-S staining 
of the skeleton. 
3) In cold 80 percent alcohol for h istochemical study 
of glycogen (PAS-react ion). 
4) In cold acetone for the study of A c i d / A I ka I i ne 
phosphatase enzyme a c t i v i t y . 
5) In 10 percent neutral formalin for thn study of 
DNA/RNA. 
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3.6. HISTOPATBOLOGICAL STUDY (H & E STAINING): 
3.6.1. BONES: 
PROCESSING FOR PARAFFIN SECTION 
1) Procurement of Tissue. Control and e xperimental 
embryos already fixed in 10 percent formalin were 
dissected to take out the Femur and Humerus. 
2) Decalcification- Decalcification was done by 
keeping the tissue in 1% aqueous solution of nitric 
acid for about 7 days. Then the tissue was directly 
transferred to 50 percent alcohol. 
3) Dehydration- Fixed and decalcified bony tissue 
was dehydrated by keeping the tissue for 2 hour each 
in 50, 70, 90 percent and absolute alcohol. 
4) Clearing- The tissue was cleared by keeping it 
for 1 hour in Xylol- I and Xylol-II. 
5) Infilteration- After clearing the tissue was 
kept for 1 hour each in Xylol wax (50:50), Wax I and 
Wax II in incubator at 60° C. 
6) Blocks- Blocks were prepared with melted wax using 
'L' shaped Leuckharts ' pieces. 
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7 ) Section cutting- Blocks were cut into 4 to 5 um 
thin section with the help of rotatory microtome. 
Ribbon of the s ections thus obtained were 
floated in warm water (5 to 10 °C) and finally attached 
to the clear slides smeared with Mayer's albumin. 
Slides were allowed to dry up. 
PROCESS FOR STAINING 
1) Removal of Wax- Sections were kept in Xylol 
1 & Xylol II solutions for 2 minutes each. 
2) Rehydration- Rehydration was done by keeping 
the sections for 1 minute each in descending grades 
(absolute- 90% -70% -50% - 30%) of alcohol. 
3) Staining: Slides were dipped in water and placed 
in a jar containing haematoxylin for 3 to 4 minutes. 
Again the slides were washed with water, dipped in 
acid alcohol (1%) for few seconds and after washing 
in water examined under the low power of the light 
microscope to ensure sufficient di fferentiat ion, Then 
the slides were placed in 1% eosin for 1-2 minute. 
Once again washed in water. 
85 
4^ Dehydration- Dehydration was done by placing the 
sections in the ascending grades (50Z -70% -90% 
absolute) oif alcohol. Then cleared in xylol for 3-
5 minutes. 
5) Mounting- Mounting was done with DPX. 
3.6.2. OTHER TISSUES: (LIVER, HEART <S KIDNEY): 
Tissue pieces (4 to 5 mm dimension) of liver, 
heart and kidney were obtained and subjected to the 
processes of paraffin sectioning and staining 
(H & E) as described above. Slides were examined for 
h istopathological changes in these organs. 
3.6.3. STAINING OF SKELETON WITH ALIZARIN RED-S 
MODIFIED DAWSON'S METHOD (1926): 
Chick embryos were kept in 95 percent alcohol 
for 48 to 72 hours (depending upon the size) for fixing 
Then they were placed in 1 percent solution of KOH 
(Mall's (1902) modification of Schultze's (16 97) method 
tor 24 to 72 hours, till the bones become clearly 
visible through the soft tissue. The specimens were 
then transferred directly to a dilute, solution of 
Alizarin red-s in KOH, 1 part Alizarin to 10,000 parts 
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o£ 1% KOH. They were allowed to remain in this solution 
till the bones were stained to a desired intensity. 
Following the staining the tissues were placed 
in Mall's solutiont water ,79 parts, glycerine 20 parts 
and KOH 1 part. When sufficiently cleared they were 
passed up through increasing concentrations of 
glycerine (20% and 80%) and finally stored in pure 
glycerine. 
3.7. HISTOCBEMICAL STUDY: 
3,7.1. COLLAGEN FIBRES IN THE BONE (van Gieaon'a stain) 
tollowing steps were taken to stain the collagen 
f ibres: 
1) Paraffin sections of the bone were made from the 
stock of embryo already fixed in 10% formalin, 
2) Sections were floated in water and taken on the 
slide in the similar way as described earlier with 
H & E staining. 
3) Nuclei were stained with Weigert iron haematoxylin 
as follows: 
-Sections were dewaxed and put into water. 
-Then kept in Weigert iron haematoxylin mixture 
for 10 to 15 minutes. 
-Washed with running tap water and e xamined 
to get adequate differentiation, 
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-Dehydration was done with absolute alcohol 
and 
-cleared in Xylol. 
4) Sections were washed in running tap water and rinsed 
in distilled water. 
5) Put in von Gieson's solution for 3-5 minutes. 
6) Rinsed in distilled water. 
7) Dehydrated in absolute alcohol. 
8) Cleared in xylol and 
9) Mounted in D.P.X. 
Collagen fibres are stained deep red. 
3.7.2. PERIODIC ACID-SCBIPP (P.A.S.) 
REACTION FOR GLYCOGEN IN LIVER AND KIDNEY: 
Following steps were taken to study the P.A.S. 
r eaction: 
1) Liver and kidneys were dissected out from the stock 
of chick embryo fixed in cold 80 percent alcohol. 
2) Organs were again kept in cold 80 percent alcohol 
overnight. 
3) Paraffin sections of the tissues from the above 
organs were made. 
4) Sections were put in warm water to get it on clear 
albuminised slides. 
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5^ Sections were oxidized by treating it with 1 percent 
aqueous periodic acid for 5 minutes. 
6) Washed thoroughly in running water and rinsed in 
distilled water. 
7) Then kept in Schiff s 'reagent for 15 to 20 minutes. 
8 ) Washed in running water for about i hour and rinsed 
2 to 3 times in freshly prepared 0.5% aqueous solution 
of sodium metabisulphite. Again washed in running 
water for 10 minutes. 
9) Nuclei are stained with simple haematoxylin as 
described earlier (H & E staining). 
10) Differentiated in 1 percent acid alcohol and blued 
in running tap water. 
11) Dehydration was done in alcohol. 
12) Cleared in Xylol and 
13) Mounted in D.P.X. 
PAS positive polysaccbrides (glycogen) appeared 
red or magenta colour. 
3.7.3. PHOSPHATASES IN BONE AND LIVER; 
3.7.3.1. ALKALINE PHOSPHATE (Gomori, 1952, Lillie, 
1954): 
PROCEDURE: 
1) Chick embryos preserved in cold acetone were 
d issected to take out bone (Humerus and Femur) and 
1iver. 
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2) Small pieces (4 to 5 urn) of the tissues ifere again 
kept in cold acetone (4°C) overnight. 
3) Bones were decalcified by formic acid (5 ml of 
5 percent solution for 36 hours). 
4) Tissues are dehydrated with acetone t cleared in 
two changes of benzene for about an hour and impregna-
ted with wax in the incubator at 60°C. Paraffin 
blocks were prepared and subjected to sectioning. 
5) Sections were flattened in warm water and mounted 
on albumenised slides, 
6) Sections were rinsed in distilled water, put into 
working substrate solution and incubated for 1 to 
2 hours at 37''C. 
WORKING SUBSTRATE SOLUTION 
Prepared by mixing of 50 ml of solution 'A' 
and 30 ml of solution ' B' (To be kept in the refrigera-
tor). 
Solution- A 
Sodium barbitone - 6.1 gm 
Calcium choride- 1.2 gm 
Magnesium sulphate- 0.5 gm 
Distilled water- 1000 ml. 
Solution- B 
1 percent sodium b-glecerophosphate in 
d istilled water. 
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7) Washed in distilled water for 4 to 5 minutes. 
8) Treated with 2 percent aqueous cobalt nitrate for 
5 minutes. 
9) Washed with distilled water (in 4 to 5 changes) 
for 6 to 8 minutes). 
10) Treated with fresh 1 percent solution of yellow 
ammonium sulphide for 1 minutes. 
11) Washed in running tap water for 5 minutes. 
12) Counterstained with 0.1 percent safranin in 0.1 
percent acetic acid. 
13) Dehydrated quickly with alcohols, cleared in 
Xylol and 
14) Mounted in D.P.X. 
Alkaline phosphatase activity is located by 
brown to black colouration. 
3.7.3.2. ACID PHOSPHATASE:(Modified Gomori's 1950b) 
PROCEDURE: 
1) Paraffin sections of the bone and liver were made 
out of the stock of chick embryo preserved in cold 
acetone. 
2) Sections were mounted on albumenised slides after 
flattening in warm water. 
3) Rinced with distil led water. 
4) Kept in substrate s olution and i ncubated for 
4 to 5 hours at 37°C. 
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SUBSTRATE SOLUTION: 
-Sodium B-glecrophosphate 1.5 gm 
-Lead nitrate 0.7 gm 
0.05 M Acetate buffer (pH 5) 500 ml 
(In the incubator for 24 hour at 37°C then in the 
refrigerator at 4°C). 
5) Washed with distilled water and kept in a dilute 
(1%) fresh solution of yellow ammonium sulphide for 
2 minutes. 
6) Washed in distilled water and counterstained with 
1 percent aqueous eosin for 5 minutes. 
7) Washed the sections in tap water and distilled 
water and 
8) Mounted in glycerine jelly. 
Sites of acid phosphatase activity are located by 
black deposite. 
3.7.4. DNA AND RNA IN LIVER: 
(Trevan and Sharrock' s (1951) modification 
in Methyl Green- Pyronin stain). 
PROCEDURE: 
1) Paraffin sections of the liver tissue were cut 
out of the stock of chick embryo preserved in 
10 percent neutral formalin. 
2) Sections were mounted on the slides as mentioned 
earlier. 
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3) Rinsed the slide in distilled water and dried by 
blotting. 
4) Stained in the working solution of methyl green 
and pyronin for 20 to 30 ininutes. 
WORKING SOLUTION: 
Prepared by the mixing of equal volumes of 
solution A and B. 
SOLUTION- A: 
2 percent aqueous methyl green- 10 ml 
(washed in chloroform) 
5 percent aqueous pyronin (Y or G)- 17.5 ml 
Distilled water - 250 ml 
SOLUTION- B: 
M/5 Acetate buffer pH 4 B. 
5) Rinsed the slides in distilled water for few seconds 
and dried by blotting. 
6) Dehydrated in acetone for I minutes. 
7) Rinsed the sections in a mixture of equal parts 
of acetone and xylol. 
8) Cleared in xylol and 
9) Mounted in D.P.X. 
DNA takes up green/blue green and RNA rose-
red colours by this staining. 
OBSERVATIONS 
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4. OBSERVATIONS 
4.1. MERCURY: 
The lethal and teratogenic effects of mercury 
has been studied by injecting mercuric c'tloride 
(5 ug/egg) into the eggs on 5th day of incubation. 
Total number of 37 7 eggs were used in three batches 
of 136, 117 and 124 out of which 51 (37.5 percent), 
39 (33.3 percent) and 44 (35.48 percent) showed dead 
embryos on 18th day of incubation. Among the surviving 
embryos 69 (81.17 percent), 64 (i2.05 percent) and 
59 (73.75 percent) respectively, presented some or 
the other kind of abnormality (Table-1). Thus 
incubation of the total number of 377 experimental 
eggs injected with mercury 134 (35.54 percent) showed 
dead and out of the surviving (243) embryos 192 
(79.01 percent) abnormal. 
Control eggs showed only 6.1 percent death 
of the embryos (16 out of total 262) while none were 
abnormal (Figures-5,6). 
4 .1 .1 . GROSS MALFORMATIONS: 
EXTERNAL FORM: 
Out of the total 192 (79.01 percent) abnormal 
embryos the external malformat ions as observed were 
Fig.5 Photograph 
old. 
of a normal chick embryo 18 days 
y 
J f 
t^ s 
Fig.6: An 18 days old dissected chick embryo showing 
normal position of internal viscera. 
Fig.7: An 18 days old chick embryo showing multiple 
external malformations (enlarged bead, twisted 
neck, toe defect and ectopia viscerum) after 
treatment with arsenic-5 ug/egg. 
Fig.8: An 18 days old chick embryo showing beak defect 
twisted neck, clawing of toe and ectopia after 
treatment with lead 100 ug/egg. 
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stunting in 139 (72.39 percent), beak defects in 44 
(22.91 percent), head swelling (hydrocephalus) in 
65 (33.85 percent), meningocele in 26(13.54 percent), 
twisted neck in 34 (17.7 percent) , toe defect in 
/II2 (37.5 percent) and ectopic conditions in 27 (14.06 
percent) (Figures , i tl 0 ,11 ,1 2 ,1 3 , 14 & 15). Maximum 
number of abnormality was stunting followed by toe 
defect and hydrocephalus (Table-2). 
INTERNAL ORGANS: 
142 surviving embryos treated with mercury 
were dissected to examine the internal organs. Among 
them 12(8.45 percent) had deformed liver only, 8(5.63 
percent) had deformed heart only whereas 3 4(23.9 4 
percent) had both liver and heart deformity (Table-
3). T'lus total 54 (38.02 percent) embryos were having 
deformed internal organs. 
The deformity included h ypertrophy, seperate 
lobes, small left lobe with hypertrophy of the right 
lobe of the liver, and enlargement , notching, and 
seperation of ventricles of the heart (Figures-
16 a 39). 
Fig.9: 18 days old chick embryo showing clawing(toe-
defect), beak defect twisted neck, bead 
swelling and ectopia (defect in ant. abdominal 
wall) after treatment with mercuric chloride-
5 ug/egg. 
Fig.10: 18 days old chick embryo showing bilateral 
clawing, twisted neck, meningocele, beak 
defect and ectopia after treatment with 
mercury chloride- 5 ug/egg. 
Fig.12: 18 days old chick embryo showing twisted 
neck, clawing, meningocele and beak defect 
after treatment with mercuric chloride-
5 ug/egg. 
Fig.13: 18 days old chick embryo showing stunting, 
twisted limbs, enlarged head and ectopia 
after treatment with mercuric chloride-
5 ug/egg. 
Fig.14: 18 days old chick embryo showing head swelling 
twisted neck, rudimentary and twisted limbs 
after treatment with mercury- 5 ug/egg. 
Fig.15: IS days old chick embryos showing growth 
retardation (stunting) after treatment with 
mercuric chloride - 5 ug/egg. 
Fig.16: 18 days old dissected chick embryo showing 
enlarged right and small left lobe of the 
liver and notched heart after treatment with 
mercuric chloride - 5 ug/egg. 
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SKELETAL ANOMALIES (ALIZARIN RED-S STAINING): 
Examination of the bone showed underdeveloped 
skull bones, thinning and defective ossification of 
the long bones. V ertebrae and s capulae were also 
deformed (Figures-40 , 41 & 42). 
4.1.2. HISTOPATHOLOGICAL OBSERVATIONS: 
BONES: 
Sections of the developing long bones (femur 
& humerus) showed massive destruction of the mesenchyme 
and large unossified areas at many places. Necrotic 
zones were seen in the chondr if ied tissue. Lamellae 
were d istorted and d estructed r esulting into large 
spaces (Figures- 52 & 53). 
LIVER: 
Liver cells around the central veins were found 
to be necrosed, Cells in these areas were irregular 
with pyknotic and having granular cytoplasm. Few 
necrotic zones were infilterated with neutrophils, 
1ymphocytes and mononuclear cells. Lobular pattern 
at most of the places was preserved except at the 
areas of massive necrosis (Figure- 54). 
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HEART: 
Heart showed swelling and s eperation of the 
muscle fibres with innumerable small protein particles 
in the myocardium. There were evidences of hydropic 
degeneration, vacuoli zation of the cytoplasm and loss 
of s triation at many places (Figure~55). 
KIDNEY: 
Microscopic study of the kidney revealed that 
most of the glomeruli were enlarged and swollen. 
Glomerular tufts were massive and occupied nearly 
whole of the capsular space. Infilteration of neutro-
phil was evident, There was interstitial oedema and 
f ibrosis r esulting in glomerular scarring. Tubules 
were lined by partially desquamated epitbelium having 
swollen irregular cells with vesicular nucleus. Tubular 
necrosis was also seen frequently (Figure-56). 
4,1.3. HISTOCHEMICAL OBSERTATIONS: 
BONE: 
COLLAGEN: 
The distribution of collagen fibres was found 
to be less in density. Broken and disintegrating fibres 
were also seen (Figures-57 & 58). 
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ALKALINE PHOSPHATASE: 
Increased activity of the alkaline phosphatase 
enzyme was noticed in sections of the long bones (femur 
and humerus). Most s igni fdcant increased was observed 
in sub-periosteal and epiphyseal zones (Figures-59&60)^ 
ACID PHOSPHATASE: 
Acid phosphatase enzyme activity was also found 
to be increased especially around the areas of destru-
ction of tissues in the bones (Figures-61 & 62). 
LIVER: 
GLYCOGEN (PAS - Positive Substance): 
Periodic Acid-Schiff s taining of the liver 
tissue showed an increase in glycogen in the liver 
cells (Figures- 63 & 64). 
ALKALINE PHOSPHATASE: 
Activit y of aIkaline phosphatase enzyme was 
i ncreased around the periportal and pericanalicular 
areas (Figures- 65 & 66). 
ACID PHOSPHATASE: 
Acid phosphatase act ivity was increased 
especially around the biliary canaliculi(Figures-67&68) 
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D.N,A. & R.N.A.: 
Qualitative study of DNA and R NA by methyl 
green-pyronin s taining method showed a decrease in 
amount of the above substances (Figures- 69 & 70), 
KIDNEY: 
GLYCOGEN (PAS Positive Substance) : 
PAS staining showed a slight increase in the 
glycogen in the kidney (Figures- 71 & 72). 
4.2. LEAD: 
The lethal and t eratogenic effects of lead 
were studied in 316 fertile eggs by injecting 100 
ug per egg of lead nitrate on 5th day of incubation. 
Three sets of investigation were done consisting of 
107, 101 and 108 eggs, out of which 21 (19.62 percent), 
20(19.80 percent) and 24 (22.22 percent) embryos 
respectively, were found dead on 18th day of incubation 
Among the surviving embryos 68(79.07 percent) , 
5 9(72.8 3 percent) and 66(7 8.57 percent ) respectively, 
were found to be having abnormalities (Table- 4). 
Thus, out of the total 316 fertile eggs incubated 
nftor giving injections of lond nitrate 65(20.56 
percent) resulted into the denth of embryos and 193 
(76.89 percent) in the abnormal chicks. 
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Only 12 (5.06 percent) embryos were dead out 
of the total 2 37 eggs incubated as control. No 
abnormality could be detected in this series. 
4.2.1. GROSS MALFORMATIONS: 
EXTERNAL FORM: 
Treatment with 100 ug of the lead nitrate per 
egg resulted in 193 (76.89 percent) externally 
malformed embryo (Figure-8) . The range of malformat ion 
included stunting (growth r etardation) in 132(68.39 
percent), beak defects in 5 5(28.49 percent) head 
swelling in (hydrocephalus) 17 (8.80 percent), twisted 
neck in 5 (2.59 percent), wing defects in 62 (32.12 
percent), hind limb defects (twisting in 92(47.66 
percent), clawing in 111 (57.51 percent), ectopia 
viscerum in 7 5(38.66 percent) and abdominal oedema 
in 23 (11.91 percent) (Table- 5). In this investigation 
also, maximum number of abnormality was stunting 
132 followed by hind limb defects and ectopia vicerum 
(Figures- 17,18 ,19,20,21,22 & 23). 
INTERNAL ORGANS: 
Chick embryos (total 136) treated with lead 
nitrate were dissected to find out the anomalies of 
the internal organs. In this observation 11(8.08 
percent) embryos were having deformed liver while 
Fig.17: 18 days old chick embryo showing beak defect, 
twisted neck toe-defect , wing defect (short 
and rudimentary) and ectopia viscerum after 
treatment with lead nitrate-100 ug/egg. 
Fig.18: 18 days old chick embryo showing bilateral 
twisting and clawing of toes, absent ant. 
abdominal wall and hypertrophic liver after 
treatment with lead nitrate - 100 ua/eaa. 
Fig.19: 18 days old chick embryo showing head swelling 
meningocele, wing and toe-defect (clawing) 
and defects of the internal organs (deformed 
heart and 1obulated liver) after treatment 
with lead nitrate - 100 ug/egg. 
Fig.20: 18 days old chick embryo showing deformed 
wings (rudimentary), meningocele and deformi-
ties of the abdominal viscera after treatment 
wiith lead nitrate- 100 ug/egg. 
Fig.21 18 days old chick embryo showing twisting 
of neck, toe defect and ectopia viscerum 
after treatment with lead nitrate-100 ug/egg. 
Fig.22 18 days old chick embryo showing meningocele, 
beak defect, toe defect, wing defect and 
ectopia v iscerum after treatment with lead 
nitrate- 100 ug/egg. 
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Fig.23 18 days old chick embryos showing growth 
retardation (stunting) after treatment with 
lead nitrate- 100 ug/egg. 
Fig.24: 18 days old dissected chick embryo showing 
anomalies of the internal organs (hyper-
trophied liver and notching of the heart) 
after treatment with lead nitrate-100 ug/egg. 
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6(4.41 percent) were with deformed heart. In 18 embryos 
(13.23 percent) both the organs were deformed (Table-
6). Thus total 35 (25.73 percent) chick embryos showed 
anomalies of the internal organs. 
The anomalies were s tunting of the left lobe 
with the enlargement of the right lobe, divided lobes, 
enlargement and deformed shape of the heart (Figure-
24 & 39). 
SKELETAL ANOMALIES (ALIZARIN RED-S STAINING): 
Visualization of the skeletal system by alizarin 
red-S staining r evealed defective abd improperly 
ossified skull bones, defective vertebral column, 
shortening of tibia and fibula, rudimentory ribs and 
defective oss if icat ion of the phalanges (Figures-43, 
44 & 45). 
4.2.2. HISTOPATHOLOGICAL OBSERVATIONS: 
BONES: 
Bones (humerus and femur) examined microscopi-
cally showed d isorganisation and thickening of the 
1amellae. Areas of necrosis in the chondr i fied tissue 
and large spaces were noticed. Large unossi f ied tissue 
together with areas of degeneration were present. 
At places thick areas of ossified tissue were also 
visible (Figure- 73). 
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LIVER: 
Normal lobular pattern of the liver is preserved. 
Hepatic cells showed hyaline degeneration and fibrosis 
at many places together• with i nfilteration of the 
mononuclear cells. Sinusoidal wall appeared thickened 
and there was d ilatation of biliary canaliculi 
(Figure-74). 
HEART: 
Evidences of i nflammatory reaction were seen 
in the heart tissue. Myocardium showed infilteration 
of mononuclear and 1ymphocytic cells. Few muscle fibers 
showed h ydropic changes and thickening of muscle 
(Figure-75) . 
KIDNEY: 
Microscopic e xamination of the kidney showed 
prominent glomeruli and obliteration of the glomerular 
space due to proliferation of the epithelial cells. 
Fibrosis around the glomerulus together with infiltera-
tion of the lymphocytes and polymorph was apparent. 
Renal tubules were atrophic. Some of the tubules were 
necrotic with presence of red blood cells and degenera-
tive epithelial cells (Figure-76). 
1C8 
4.2.3. HISTOCHEHICAL OBSERVATIONS: 
BONE: 
COLLAGEN: 
Von Gieson ' s staining of the collagen fibres 
presented a decrease in the quantity and density of 
the fibre element (Figure-7 7). 
ALKALINE PHOSPHATASE: 
Localisation of alkaline phosphatase enzyme 
shows a mild increase in the ossifying zones (F igure-
7 8). 
ACID PHOSPHATASE: 
The activity of acid p hosphatase enzyme was 
also slightly elevated at few places only (Figure-
7 9). 
LIVER: 
GLYCOGEN (PAS POSITIVE MATERIAL) 
The amount of g lycogen was i ncreased in the 
liver cells as shown by intense PAS positive reaction 
(Figure-80). 
ALKALINE PHOSPHATASE: 
Alkaline phosphatase activity showed mild 
increase and 1ocalised around the portal tract 
( Figure-81 ) . 
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ACID PHOSPHATASE: 
Acid phosphatase activity did not show any 
significant change in the liver tissue (Figure-82) 
DNA AND RNA: 
Only a slight change (decrease) in the quantity 
of DNA and RNA could be found on qualitative observa-
tion (Figure-83) 
KIDNEY: 
GLYCOGEN (PAS POSITIVE SUBSTANCE) 
Renal tissue showed a mild increase in the 
PAS positive substances (Figure-84), 
4.3. ARSENIC: 
The deletarious effects (lethal and teratogenic) 
of arsenic were studied by injecting 5 ug per egg 
of arsenic trioxide into 3 27 fertile eggs on 5th day 
of incubation. The experiment was carried out in three 
batches of 106, 98 and 123 eggs. It resulted into 
the death of 47(44.33 percent), 42(42.85 percent) 
and 59(47.06 percent) embryos respectively, from each 
set of experiments. Out of the surviving embryos 
41 (69.49 percent), 38(67.85 percent) and 46(71.87 
percent) were abnormal (Table-7). Thus, with the total 
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327 eggs treated with arsenic 148 (45.56 percent) 
embryos, were dead, 179 (54.74 percent) survived out 
of which 125 (69,83 percent) were abnormal. 
Out of the 27 0 fertile eggs incubated as control 
only 18(6.66 percent) were found dead and the rest 
2 52 (93.33 percent) survivied without having any 
abnormality. 
4.3.1 GROSS MALFORMATIONS: 
EXTERNAL FORM: 
The total number 125 (69.83 percent) embryos 
treated with arsenic presented with some or the other 
type of malformation (Figure-7). Different kind of 
malformations were stunting in 7 8(62.4 0 percent) beak 
defects in 30(24.0 percent), wing defects in 11(8.80 
percent hind limb defects (twisting) in 43(34.45 
percent), ectopia in 56 (44.80 percent) and enlarged 
yolk sac in 33(26.40 percent) ( Figures-25 , 26 ,27 , 28 , 29 
30 &31). Highest number of embryos were stunted 
(62.40 percent), followed by ectopia v iscerum (44.80 
percent) and other defects (Table-8). 
Fig.25 18 days old chick embryo showing beak defect, 
wing defect, twisted hind limb, ectopia 
viscerum and enlarged yold sac after treatment 
with arsenic trioxide - 5 ug/egg. 
Fig.26: 18 days old chick embryo showing beak defect 
after treatment with arsenic trioxide-
5 ug/egg. 
Fig.27 : 18 days old chick embryo showing wing defect, 
hind limb defect and stunting after treatment 
with arsenic t rioxide- 5 ug/egg. 
Fig.28: 18 days old chick embryo with multiple 
deformities (stunting, beak defect, wing 
defect, hind limb defect and ectopia viscerum) 
after treatment with arsenic t rioxide 
5 ug/egg. 
Fig.29 18 days old chick embryo with beak defect 
and stunting of growth after treatment with 
arsenic trioxide 5 ug/egg. 
mi ^ 
Fig.30 18 days old chick embryo showing beak defect 
(crossed), hind limb defect (clawing) and 
ectopia v iscerum after treatment with arsenic 
trioxide- 5 ug/egg. 
Fig.31: 18 days old chick embryos showing stunting 
of growth after treatment with arsenic 
trioxide- 5 ug/egg. 
Fig.32: 18 days old dissected chick embryo showing 
divided liver and large gizard after treatment 
with arsenic trioxide- 5 ug/egg. 
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INTERNAL ORGANS: 
Dissection of 118 embryos treated with arsenic 
were done to scrutinize the anowalies of the internal 
organs. Among them 8(6.77 percent) were having deformed 
liver, 11(9.32 percent) were having d eformed heart 
alone while 3 6(30.50 percent) 'i ad both liver and heart 
deformed. Thus a total of 55 embryos (46.61 percent) 
were present with the deformity of liver and heart 
(Table-9). 
The anomalies were h ypertrophy of the liver 
with large gizard, enlargement and divided lobes of 
the liver, ectopia and enlargement of the heart 
(Figures-32 & 39). 
SKELETAL ANOMALIES(ALIZARIN RED-S STAINING): 
Examination of the skeleton of the chick embryos 
after alizarin red-S staining showed defective 
vertebral column, underdeveloped ribs, defective 
scapulae and pelvic bones, thinning of long bones 
and frequently unossified phalanges (Figures~46,47 
& 48). 
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^.3,2, HISTOPATHOLOGICAL OBSERVATIONS: 
BONES: 
T.S. and L.S. of the long bones (femur and 
h umerus) showed extensive areas of necrosis. Mesenchy-
mal cells were destroyed. Cartilagenous areas also 
showed massive destruction of the tissue. Ossified 
tissues were seen in the subperiosteal zone. Formed 
lamellae were less and the lacunar spaces were much 
more. Osteoblastic activity was also seen at places 
(Figure-85). 
LIVER: 
There was a widespread damage to the liver 
tissue and distortion of the lobular pattern. Necrosed 
liver cells were seen as hyaline masses or the cells 
were s hrunken with foamy cytoplasm. Necrosed areas 
were i nfiIterated with mononuclear cells. Biliary 
canaluculi were dilated with crowding of the portal 
tract. S inusoids were congested at many places 
(Figure-86). 
HEART: 
Examination of the heart sections showed massive 
oedema of the myocardium with i n filteration of macro-
phages and polymorph cells. The muscle fibres were 
swollen with increased granularity of the cytoplasm. 
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Fatty degeneration of the muscle cells were evident 
which often resulted in its breaking and loss of nuclei 
Interstitial fibrosis was also observed (Figure-87 ) . 
KIDNEY: 
Kidney of the embryos showed glomerular lesion 
consisting of diffuse enlargement and cellular proli-
feration. Obi iteration of capsular space was evident. 
The tubules showed necrosis with appearance of cellular 
casts and blood cells. Epithelial cells of the tubules 
showed hyaline droplets and f requent desquamation. 
Occasional foci of disruption of tubular epithelium 
can be seen (Figure-88). 
4.3.3. HISTOCHEMICAL OBSERVATIONS: 
BONE: 
COLLAGEN: 
The quantity of collagen fibres appeared to 
be less. Empty spaces can also be seen due to the 
disorganisation of collagen tissue (Figure-89). 
ALKALINE PHOSPHATASE: 
Alkaline phosphatase activity was increased 
which can be demarcated by the black deposits. This 
was more marked in the subperiosteal zones(Figure-
90 ) . 
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ACID PHOSPHATASE: 
Acid phosphatase activity was also increased 
s igni ficantly. It was more diffuse in d istribut ion 
( Figure-91 ) . 
LIVER: 
GLYCOGEN (PAS POSITIVE SUBSTANCE) 
P.A.S. positive material was increased in the 
liver cells (Figure-92). 
ALKALINE PHOSPHATASE: 
The activity of alkaline phosphatase was 
increased much in the liver (Figure-93). 
ACID PHOSPHATASE: 
Acid phosphatase was also found to be increased 
(Figure-94) . 
DNA & RNA: 
DNA and RNA were found to be less in quantity 
as observed by methyl g reen-pyronin staining method 
(Figure-95). 
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KIDNEY: 
GLYCOGEN (PAS POSITIVE SUBSTANCE) 
PAS staining showed increase in the positive 
substance in the tubular cells. Hyaline deposits can 
be seen intensely staining (Figure-96). 
4,4. ZINC: 
The effects of zinc in developing chick embryo 
were investigated by injecting 100 ug per egg of z inc 
sulphate solution in 334 fertile eggs divided in three 
sets (116, 106 and 112 respectively). Experiment 
r esulted into the death of 2 4(20.68 percent), 
21(19.81 percent) and 29(25.89 percent) embryos 
r espectively, from the three sots. Accordingly, among 
the surviving embryos 73 (79.34 percent), 63 (74.11 
percent) and 66 (79.51 percent) showed some kind of 
abnormality in the external form (Table-10). 
For the control 264 fertile eggs were used 
out of which only 13 (4.92 percent) embryos were found 
dead on 18th day of incubation. 
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4.4.1. GROSS MALFORMATIONS: 
EXTERNAL FORM: 
Investigations with zinc revealed 202 (77.69 
percent) chick embryos having abnormalities in their 
external morphology. Among them stunting in 13 
(63.86 percent), beak defects in 5 4(26.7 3 percent), 
head swelling (hydrocephalus) in 45 (22.27 percent), 
wing defects in 62 (30.69 percent), hind limb defects 
(twisting) in 7 8(38.61 percent), Abdominal swelling in 
30 (14.85 percent) and ectopic condi tions in 3 6(17.82 
percent) were noticed (Table-11). In this series also 
stunting was found in maximum number of embryos 
1 2f (63.86 percent) followed by other defects (Figures-
33,34,35,36 & 37). 
INTERNAL ORGANS'. 
Dissection of 108 chick embryos treated with 
zinc revealed defects in the morphology of liver in 
5 (4.62 percent) heart in 3(2.77 percent) and liver 
and heart both in 11(10.18 percent). In total 19(17.59 
percent) embryos showed defect in above mentioned 
internal organs (Table-12). 
Observed defects were hyper trophy and seperat ion 
of the lobes in liver, ectopia, and h ypertrophled 
and seperated ventricles in the heart (Figures-38&39). 
Fig.33: 18 days old -chick embryo presenting multiple 
malformations (head swelling, wing defect, 
twisted hind limb and ectopia v iscerua) 
after treatment with zinc sulphate- 100 ug/egg 
Fig.3^: 18 days old chick embryo showing beak defeci 
after treatment with zinc sulphate- 100 ug/egi 
Fig.35: 18 days old chick embryo showing beak defect* 
wing defect (rudimentary and m alformed)t 
bind limb defect and ectopia after treatment 
with zinc sulpbate- 100 ug/egg. 
Fig.36: 18 days old chick embryo showing ectopia 
viscerum and twisted hind limb after treatment 
w itb zinc sulphate - 100 ug/egg 
Fig.37: 18 days old chick embryos showing stunted 
growth after treatment with zinc sulpbate-
1 00 ug/egg. 
Fig.38: 18 days old dissected chick embryo showing 
divided lobes of the liver after treatment 
with zinc sulphate - 100 ug/egg. 
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SKELETAL ANOMALIES (ALIZARIN RED-S STAINING): 
Staining of the skeleton with alizarin red-
S staining showed defective thoracic cage, thinning 
of ribs and improper ossification of the metatarsals 
and phalanges (Figures- 49,50 & 51). 
4.4.2. HISTOPATHOLOGICAL OBSERVATIONS: 
BONES: 
L.S. and T.S. of the long bones (femur and 
humerus) of the chick embryos treated with zinc were 
examined microscopical 1 y, Areas of unossi fled 
mesenchyme were apparent. Except at few places where 
the lamellae were distorted, the normal arrangement 
was preserved. Thickening of the periosteum was seen 
at many places. Osteoclaustic activity was enhanced 
resulting into large space (Figure-97 ) . 
LIVER: 
Normal lobular pattern of the liver was 
p reserved. Areas of mild periportal inflamation could 
be seen. Hepatic cell showed degeneration and replace-
ment by f ibrotic tissue. Biliary canaliculi were 
thickened. Sinusoids were normal at most of the places 
( Figure-98 ) . 
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HEART: 
Heart showed mild oedema with i nflammatory 
r eaction in the myocardium at few places. There was 
i nfilteration of mononuclear and 1ymphocyt ic cells. 
Muscle fibres showed hyaline deposition at places 
refleeting mild degenerative process (Figure-99). 
KIDNEY: 
Microscopic examination of the kidney revealed 
normal glomeruli except for the increased cellular ity 
of the glomerular tuft and fibrinoid deposition at 
few places. Tubules were normal. Hyaline deposits 
were seen in some epithelial cells (Figure-100). 
4.4.3. HISTOCHEMICAL OBSERVATIONS: 
BONE: 
COLLAGEN: 
The amount of the collagen fibres in the bones 
appeared to be slightly increased (Figure-101 ) . 
ALKALINE PHOSPHATASE: 
The activity of the alkaline phosphatase enzyme 
was found to be normal. At few place only a slight 
increase was observed (Figure-102). 
12 
ACID PHOSPHATASE: 
The activity of the acid phosphatase enzyme 
was found to be within normal limits (Figure-103). 
LIVER: 
GLYCOGEN(PAS POSITIVE SUBSTANCE): 
PAS s taining showed only a slight i ncrease 
in the positive reaction within the liver cells 
C F i g u r e - J 0 4 > . 
ALKALINE PHOSPHATASE: 
Alkaline phosphatase activity was found to 
be slightly i ncreased in the periportal region 
(Figure-105). 
ACID PHOSPHATASE: 
Normal range of activity of the enzyme acid 
phosphatase was observed (Figure-l06). 
DNA & RNA: 
The quantity of DNA <5 RNA were observed to 
be within normal range (Figure-107 ) , 
KIDNEY: 
GLYCOGEN (PAS POSITIVE SUBSTANCE): 
The amount of the PAS positive substances were 
found to be within normal 1 imi ts (F igure- I Oi ) . 
Fig.39: Internal organs (heart, liver and gizard) 
of 18 days chick embryo: 
1) Normal heart and l i v e r . 
2) Normal heart and liver on the l e f t side 
and notched heart with 1obulated liver 
after treatment with mercury on the right 
side. 
3) Suppresed l e f t lobe of the l i v e r and 
s l i g h t l y enlarged heart after treatment 
with lead (left side). 
4) Hypertrophy of the liver with enlarged 
gizard after treatment with arsenic (left 
side). 
5) Slight e nlargement of the l i v e r after 
treatment with zinc (left side). 
F ig.40: Lateral (right) and dorsal (le 
the skeleton of 18 days old 
Fig.Al: 18 days old mercury treated (5 ug/egg) chick 
embryo showing deformed vertebrae and scapulae 
Alizarin Red-S preparation. 
42; Lateral (right) and dorsal (left) views of 
18 days old mercury treated (5 ug/egg) chick 
embryo showing under-developed skull, thinning 
' and defective ossi fication of the long bones-
Alizarin Red-S preparation. 
43: 18 days old lead treated (100 ug/egg) chick 
embryo showing defective and rudimentary 
ribsf improperly ossified long bones, and 
defective vertebral column- A1izarin Red-
S preparation. 
Fig.44: 18 days old lead treated (100 ug/egg) chick 
embryo showing defective vertebral column, 
ribs and scapulae-Alizarin Red-S preparation, 
Fig.45: 18 days old lead treated (100 ug/egg) chick 
embryo showing defective scapulae and 
improperly ossi fied phalanges- Alizarin 
Red-S preparation. 
Fig.46: 18 days old arsenic treated (5 ug/egg) chick 
embryo showing defective scapulae and pelvic 
bones and thinning of long b ones-Alizarin 
Red-S preparation. 
Fig.47: 18 days old arsenic treated (5 ug/egg) chick 
embryo showing thinning of long bonest 
defective vertebral column and under-developed 
ribs- Alizarin-Red-S preparation. 
Fig.48: 18 days old arsenic trea ted (5 ug/egg) chick 
embryo showint defective vertebrae, scapulae 
ind pelvic bones, and 
Alizarin Red-S preparation 
unossi f ied phalanges-
^ 
Fig.49: 18 days old zinc treated (100 ug/egg) chick 
embryo showing defective thoracic cage nd 
improper o 
Red-S preparatioi 
ssification of phalanges- Alizarin 
\ HI^ 
Fig.50; 18 days old zinc treated (100 ug/egg) chick. 
embryo showing improper ossification of 
m etatarsals and phalanges- A1izarin Red-S 
preparetion 
Fig.51: 18 d ays old zinc treated (100 ug/egg) chick 
embryo showing thinni ng of the ribs and 
improperly ossified phalanges- Alizarin Red-
S preparation. 
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Fig.52: A.(T.S. Humerus), B.(L.S. Humerus) , C.(T.S, 
Femur), D. (L.S. Femur) 
Photomicrographs showing the normal histo-
logical structure f the Developing long 
bones in chick embryo, cont. H & E Stain 
50. 
B 
Fig.53 A.(T.S. Humerus) 
D 
B.(L.S. Humerus) 
(T.S. Femur), D.CL.S. Femur) 
Photomicrographs showing massive destruction 
of the mesenchyme, large u nossi fied areas 
and necrosis, and distortion and destruction 
in mercury treated (5 ug/egg) developing 
chick embryo, H & E Stain, x 50. 
Fig.54: A. Photomicrograph showing the normal hepatic 
tissue pattern, in developing chick embryo. 
cont. T.S. liver, H & E Stain 50. 
Photomicrograph showing the hepatic cell 
necrosis, irregular with pyknotic and 
granular cytoplasm. Lobular pattern is 
preserved except in massive necrotic areas 
in the liver of mercury treated (5 ug/egg) 
treated chick embryo, H & E Stain, x 50, 
B. Photomicrographs showing the swelling 
and seperat ion of myocardial muscle fibres 
with hydropic d egeneration, vacuolization 
of cytoplasm and loss of striations at 
many places in the heart (T.S.) of mercury 
treated (5 ug/egg) chick embryo, H&E Stain, 
50 100 
Photomicrographs showing the enlarged 
swollen glomeruli with massive glomerular 
t ufts interstitial oedema and fibrosis. 
Tubules shows desquamation of the epithelium 
and necrosis in the kidney (T.S.) of mercury 
treated (5 Ug/egg) chick embryo. H&E Stain, 
B 
ilSlrtf!^©?'" 
c. 
Fig. 
D. 
57. /l-rr-S./Zumerus;, B. (L.S.Humerus) , C. (T.S.Femur) , D.(L.S. Femur). 
Photomicrographs showing the normal distribution of collagen fibres in 
the developing long bones of chick embryot controlt von Gieson's Stain,xlOO 
Fig.58; A.(T.S. Humerus), B.(L.S. Humerus), 
C.(T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing the less distributed 
broken and disintegration of collagen fibres 
in the long bones of mercury treated chick 
a m h r \/ r% . i / / n n / , T o c r / n n c ^ ni •^ t-a i n . V T on 
Fig.59: A.(T.S. Humerus), B.(L.S. Humerus), 
C.(T.S. Femur), D. (L.S. Femur). 
Photomicrographs showing the normal alkaline 
phosphatase enzyme activity in d eveloping 
long bones of chick embryo, control, Gomori's 
method, x 100. 
c D 
Fig.60. A.(T.S.Humerus), B.(L.S.Humerus) , C. (T.S.Femur), D.(L.S.Femur). 
Photomicrographs showing the significantly increased alkaline phosphatase 
enzyme activity in subperiosteal and epiphyseal zones in the long bones 
mercury treated (5 ug/egg), chick embryo, Gomori's method, xlOO. 
i V 
Fig.61: A.(T.S. Humerus), B.(L.S. Humerus), 
C.(T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing the normal acid 
phosphatase enzyme activity in the long bones 
of the developing chick embryo, control. 
modified Gomori's method, 100 
B 
\ 
a 
C 
Fig.62. A.(T.S.Humerus), B.(L.S.Humerus^, C.(T.S.Femur), D. (L.S.Femur). 
Photomicrographs showing the increased acid phosphatase enzyme activity 
in the destructed tissues in long bones of mercury treated (5 ug/egg) 
chick embryo, modified Gomori's staining method, xlOO. 
/fV-
Fig.63: Photomicrograph showing the normal glycogen 
(PAS positive substance) in the hepatic cells 
of the developing chick embryo, controlt 
PAS staining, xlOO. 
Fig.64: Photomicrograph showing the increased amount 
of PAS positive substances in the hepatic 
cells of the developing chick embryo, mercury 
treated (5 ug/eggj PAS staining, xlOO. 
n 
Fig.65: Photomicrograph showing the normal activity 
of alkaline phosphatase in the hepatic tissue 
of developing chick embryo, Gowori's method, 
X 100. 
Fig.66: Photomicrograph showing an increase activity 
of the alkaline phosphatase in the hepatic 
tissue especial 1 y around periportal and 
perican.iicular areas of the developing chick 
embryo, mercury treated (5 ug/egg), Gomori's 
method, xlOO. 
i 
Fig.67: Photomicrograph showing the normal activity 
of acid phosphatase in the hepatic tissue 
of developing chick embryo, modified Gomori's 
method, 100^ 
68 : Photomicrograph showing the increased activity 
of acid phosphatase in the liver tissue of 
developing chick e mb r yo, mercury treated 
(5 ug/egg ) modified Gomori's method, xlOO 
Fig.69: Photomicrograph shows the normal quantity 
of DMA and RNA in the liver cells of the 
developing chick embryo, control l i v e r . Methyl 
Green-pyronin Y, Staining method, x500. 
Fig.70: Photomicrograph showing the hepatic cells 
of the developing chick embryo a decreased 
amount of DNA and RSA qualitatively (after 
mercury treatment), methyl green-pyronin 
Y, staining , x 5 00. 
Fig.71 Photomicrograph showing the normal PAS 
positive substance in the kidney of the 
developing chick embryo, control, PAS Staining 
X 100. 
Fig.72: Photomicrograph showing a slight i ncrease 
in the glycogen in the kidney oF chick embryo 
after mercury treatment, PAS staining, xlOO. 
B 
ig 73 A .(T.S. Humerus), B .(L.S. Humerus) 
T.S. Femur ) D (L.S. Femur) 
Photomicrographs showinp, the thickening m 
dis-or^ani za tion of the hon • lame 1 lai 
chondrified tissues necrosis, and the presence 
of degenerated and unossified tissues in 
lead treated (100 ug/egg) chick embryo, 
Fig.74: Photomicrographs showing degeneration oC 
the hepatic c e l l s , fibrosis, thicking of 
the sinusoidal 'all an d dilatati on of the 
biliary canaliculi 1 n the liver of lead 
treated (100 ug/egg) chick embryo, H & 
staining, x 50, x100. 
Fig.75: Photomicrographs of the heart muscle showing 
hydropic change s and thickino of the mu scle 
the developing chick embryo after fibres in 
lead treatment (100 ugegg), H E staining 
x5 0 100 
Fig.76: Photomicrographs showing glomerular space 
obliteration and fibrosis a trophic renal 
tubules with necrosis ami degenerated 
epithelial cells in the kidney of lend treated 
(100 
.x5 0 , 
ug / e g g ) chick embryo, H & Stain 
100 
Fig. 77: A. (T.S. Humprusi, B .CL.S. Humnrus), 
C. ( T. S . Fernii r ) , D . ( f,. S . Fernu r ) . 
' Photomicrograph revealing low den<?ity of 
the collagen e I'^mnn t in the Jong hones of 
developing chick ombryo, lend treated 
(100 Ug/egg) von Gin^on's Stnin xlDO. 
> • 
1^ 
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Fig.80: Photomicrograph showing a increased amount 
of glycogen in the liver cells of the develop-
ing chick embryo after lead nitrate treatment 
(100 ug/egg), PAS Staining, xlOO. 
I'ig'Sl: Phot 
omicrograph sh 
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Fig.82: Photomicrograph showing no significant changf^ 
in the acid phosphatase activity in the 
hepatic t iss ue if the lead nitrate treated 
(100 ug/egg) developing chick emh r yo, modified 
Gomori s method X 100. 
Fig.83: Photomicrograph showing a mild decrease in 
the UNA and RNA contents in the liver cells 
of lead nitrate treated (100 ug/egg) develop-
ing chick embryo, methyl g reen-pyronin Y, 
staining method, x 500. 
Fig.84: Photomicrograph showing a slight increase 
in the amount of glycogen in the renal cells 
of the lead nitrate treated (100 ug/egg) 
developing chick embryo, PAS staining, xlOO. 
C.i D. 
Fig.85. A.Cr.S. Humerus). B.fL.S. Humerus^, C.(T.S. Femur), D.(L.S. Femur). 
Phijtnmicrographs showing extensive necrosis, destruction of the mesenchymal 
cells and cartilagenous areas with enlarged lacunar spaces, and a^ places 
enhanced osteoblastic activity in arsenic treated (5 ug/egg) developing 
chick embryo, H & E Staining, x50. 
Fig. 86 Photomicrographs showing n ecrosis of t he 
hepatic cells with foamy cytoplasm dilatation 
of the biliary canaliculi and crowding of 
portal tract in the liver of arsenic treated 
(5 ug/egg) developing chick embryo, H & E 
Stain x50 xlOO 
y^' 
Fig.87: Photomicrographs showing myocardial oedema 
with swollen-interstitial tissue and fibrosis 
and fatty degeneration of the muscle fibres 
of the heart of arsenic t rioxide treated 
(5 ug/egg) developing chick embryo. H & E 
staining, x50, xlOO. 
^ 
Fig.88: Photomicrographs showing renal glomerular 
lesions, consisting of diffuse e nlargement 
and ce llular proliferation , tubular necrosis 
an d epithilial desquamatioi 1 n the kidney 
of arsenic treated developing chick embryo 
H & E stain •50. xlOO 
Fig.89. A.rr.S. Humerus'!, BJL.S. Humerus), C.(T,S. Femur). D.d.S. Femur). 
'hoComicrographs showing less amount and disorganisation ut collagen fibres 
in the long bones of arsenic trioxide treated chick embryo, von Gieson's 
.<^tii i n i nu . x 1 00 . 
> 
Fig.90: A.(T.S. Humerus) B L.S. Humerus) 
C. (T.S. Femur), D.(L.S. Femur) 
Photomicrographs showing significant 
increase in the alkaline phosphatase activity 
in the s ub per ios teal regions of the long 
bones of arsenic trioxide treated (5 ug/egg) 
n J » _ _ «• u _ ^ 
Fig,91: A.(T.S. Humerus), B.(L.S. Humerus) 
C. (T.S. Femur), D.(L.S. Femur). 
Photomicrographs sho wing increased acid 
phosphatase activity in the long bones of 
the arsenic trioxide treated (5 ug/egg) 
develooins chick embrvo. modified Gomori's 
Fig.92: Photomicrograph showing increased glycogen 
in the hepatic tissue of the arsenic trioxide 
treated (5 ug/egg) developing chick embryo, 
PAS staining, x100. 
I 
Fig.93: Photomicrograph showing an increased alkaline 
phosphatase activity in the hepatic tissue 
of the arsenic trioxide treated (5 ug/egg) 
developing chick embryc Gomori s staining 
method, xlOO 
J -^
Fig.94: Photomicrograph showing an increase in the 
acid phosphatase activity in the liver of 
the arsenic t rioxide treated (5 ug/egg) 
developing chick embryo, modified Gomori' 
lethod s xlOO. 
Fig.95: Photomicrograph showing less amount of DNA 
and RNA in the hepatic tissue of the arsenic 
trioxide treated (5 ug/egg) developing chick 
embryo, methyl g reen-pyronin Y, s taining 
method, x 500. 
Fig.96: Photomicrograph showing i ncreased amount 
of the PAS posi t ive substances in the renal 
tubular cells of the arsenic trioxide treated 
developing chick embryo, PAS staining , xlOO. 
1 
.>»"•' 
Fig .9 7 : A . ( T. S . Humerus 
C. (T.S. Femur ) , 
D 
B,(L.S. Humerus) 
.(L.S. Femur). 
Photomicrographs showing destorted lamellar 
pattern, thickened periosteum and osteoclastic 
activity in the long bones of the zinc 
sulphate treated (100 ug/egg) developing 
.^1 
Fig 98; t^hotowicrographs showing hepatic tissue 
degeneration, fibrosis, periportal inflamation 
and t hickining of the biliary c analiculi 
in the zinc sulphate treated (100 ug/egg) 
developing chick embryo, H & E Stain, x50,xlOO 
Fig.99: Photomicrographs shows m yocardial oedema, 
white blood cell infilteration and degenera-
tion of the cardiac muscle fibres (TS, Heart) 
in the zinc sulphate 
developing chick embryo 
treated (100 
H & E Stain, 
ug/egg) 
x50,xlOO 
Fig.100: Photomicrographs shows fibrinoid deposition 
and increased cellulari ty in renal glomeruli 
desquamated renal tubules epithelium in 
(T.S. Kidney) zinc sulphate treated 
(100 ug/egg) developing chick embryo, H & 
E Stain x50, xlOO. 
A.(T.S. Humerus), li.iL.S. Humerus), C.(T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing a moderate increase in the collagen content in 
the long bones of zinc sulphate treated (100 ug/egg) developing chick 
embryo, von Gieson's staining, xlOO. 
>1 
^ 
^ 
Fig.102: A. (T.S. Humerus), B.(L.S. Humerus), 
C. (T.S. Femur), D.(L.S. Femur). 
Photomicrographs showing a slight increased 
alkaline phosphatase activity in the long 
bones of the zinc sulphate treated (100 ug/egg) developing chick embryo, Gomori's 
staining method, xlOO. 
"-v 
Fig.104: Photomicrograph showing a slight increase 
in the PAS pos i tive material in the liver 
cells of zinc sulphate treated (100 ug/egg) 
developing chick embryo, PAS staining, xlOO, 
Fig.105: Photomicrograph showing an increase in the 
per iportal alkalir.e Phosphatase activity i . . 
region of the liver of zinc sulphate treated 
(100 ug/egg) developing chick embryo, Gomori's 
method xlOO 
Fig.107: Photomicrograph showing DNA and RNA contents 
(within normal range) in the hepatic tissue 
of the liver of zinc sulphate treated, develop 
ing chick embryo, methyl g reen-pyronin Y, 
staining method, x500. 
Fig.108: Photomicrograph showing renal tissue glycogen 
contents in the renal tissue (within normal 
limits) in the zinc sulphate treated 
(100 ug/egg) developing chick embryo, PAS 
staining , x100. 
DISCUSSION 
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5. DISCUSSION 
5.1. GENERAL CONSIDERATIONS: 
Any detrimental effect produced by the exposure 
to developing a rganisms during embryonic stages of 
Or teve^'sii>ie--
development can be either i r reversible .A Embryo-lethal 
lesions are incompatible with survival of the embryo 
and results in resorption. Irreversible lesions that 
are compatible with survival may result in structural 
or functional anomalies in living, and these are named 
as teratogenic. Persistant lesions that cause overall 
growth retardation or delayed growth of s peci fie organ 
systems are generally referred as emhryotoxic. For 
a chemical to be labelled as teratogen, it must 
signif icantly increase the occurrence of structural 
or functional abnormalities in offspring after it 
is administered into the female during pregnancy, 
or directly to the developing organism. 
Most t eratologists believe that any chemical 
administered under appropriate conditions of dose 
and time of development can cause some disturbance 
in embryonic development (Karnofsky, 1 96')', Staples, 
1975). Metals too are no exception to this general 
understanding. Although, the metals play a significant 
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role in many complex biological events, their excess 
or deficiency are known to cause many animal and human 
disease. The presence of metals in living tissue can 
be attributed to the fact that either they are required 
for some essential metabolic function or they represent 
an accumulat ion from exposure whatever is the source. 
Schroeder (1960a) has put i t simple: Any element not 
present in plants is not essential to man, and any 
element found in man but not in plants, is an environ-
mental contamination. Thus, some 40 different elements 
may play significant metabolic roles in biological 
system (Perm, 1972). Of these 40, thirteen may be 
considered to be normal structural or bulk elements 
(C,N,H,K, Na, Mg, Ca, CI ,S,P,0,Fe , I) , and five are 
known to be essential trace elements in animal tissue 
(Mn,Co,Cu,Zn,Mo) . Boron is essential for plants but 
i t s essentiality for animals is not clear. The 
remaining 21 elements have been found in animal tissues 
and have demonstrable metabolic activity but their 
b iological essentiality has yet to be determined. 
Out of these, 14 are ubiquitous but may well have 
important metabolic activity (Rb, Li,Sr,Cs, Ba, Ti, 
V, Cr, Ni, P, Si, Se, Br, Al). Other (Ag, Au, Sn, 
Cd, Hg, Pb, Bi) are probable environmental contaminants 
Three other e lements (Be, W, Sb) are not normal 1 y 
found in plants or animal tissue but may be biologi-
cally active as competitors. 
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A number of the^e metnls internet with wide 
V ariety of organic molecules and most of their biologi-
cal activity is due to their involvement with important 
i ntracellular enzyme system. Most of the metals form 
the metal moiety of metalloenzymes. Their p resence 
is a specific requirement for enzyme activity. If, 
in each case, the s pecific metal is replaced by a 
second metal, a decrease in catalytic capability is 
almost invariably observed. The b iochemical reacti v ity 
of each metal varies considerably. For example, the 
copper metalloenzymes catalyse a variety of oxygen-
dependent oxidoreductase reactions, while the zinc 
metallo-enzymes display a much broader s pectrum of 
specificity. Some of these include hydrolase activity 
(alkaline phosphatase), NAD- dependent oxidoreductase 
and hydrolyase activity. 
Only few general principles are available that 
contributes to understanding the pathophysiology of 
metal effects. Most metals affect multiple organ system 
and the targets for toxicity are specific b iochemical 
processes (enzymes) and/or membranes of cells and 
o rganelles ( Goyer, I % 4 ) . 
A definite correlation of the hardness of 
d rinking water to congenital malformat ions has been 
established suggesting that metal content of the water 
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may be a contributory factor (Schroeder, 1960b). For 
these potentially i mportant biological propert ies 
of metals surprisingly l i t t l o is known about the role 
of metals in embryonic development. Since normal 
embryonic development is characterised by critical 
periods of protein synthesis during cell d iv ision 
and differentiation, it is obvious that these periods 
represent a time of optimal enzymatic activity. The 
very nature of cell and organ differentiation suggests 
that a wide variety of enzymes must be active during 
this period of growth, and it is not surprising that 
many of these enzymes may be sensitive to toxic levels 
of metals or competitive antagonism between metals. 
5.2. TIME OF EXPOSURE- A FACTOR IN TERATOGENIC EFFECT: 
Developing organisms undergo rapid and complex 
changes within a relatively short period. Consequently, 
the susceptibili ty of the organism to chemical insult 
varies dramatically within the narrow time span of 
the major developmental stages. 
Before orgnnogcnrsis, thr important morphologi-
cal events in the development are formation of a 
compact cellular mass and blastocyst. Development 
of the blastocyst involves d i f ferentiation of tropho-
ectoderm and the inner cell mass (ICM) which differen-
-tiates into primary endoderm and ectoderm. The ICM 
gives rise to the embryo and the extra embryonic 
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membranes. A remarkable similarity exists in the timing 
of the part of development in different species 
irrespective of the total period of emhr yogenesis 
(Brinster, 1 97 5) . 
At the time of blastocyst formation, there 
is a dramatic increase in cell division and metabolic 
capability. Both the total s ynthetic rate as well 
as the types of RNAs and proteins synthesized are 
markedly increased. The embryo during this period 
appears to be susceptible to lethality but rarely 
to teratogenicity with chemical insult. Severe toxicity 
is manifested by rapid death of the embryo, while 
less severe effects are measured by decrease in 
cleavage rates and arrested development (Brinster, 
1 97 5). 
In chick embryo all the major organogenesis 
begins by 48 hours of i ncubat ion(Beaudoin, 1 961). 
The organogenesis period is characterized by the 
d ivision, migration, and associat ion of cells into 
primitive organ rudiments. The basic structural 
templates for organization of tissue and organ are 
established on the molecular, cellular and morphologi-
cal level. The most characteristic s uscept ibi1i ty 
of the embryo during the organogenesis period is the 
induction of structural birth defect, although these 
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are often accompanied by embr yalethality. Within the 
o rganogenesis period, individual organ systnms possnss 
highly specific periods of vulnerability to teratogenic 
insult (Wilson, 1973). Administration of a teratogen 
in early period of organogenesis would result in high 
level of brain and dye defect, with intermediate levels 
of heart and skeletal defects, and a low level of 
urogenital defects. If the same agent is administered 
later, a different s pecturm of malformation would 
appear. Consequent 1y, the exact time of exposure has 
a strong influence on the final pattern of 
malformation. 
Later part of development is marked by histo-
genesis, functional maturation and growth. Insult 
at these stages leads to a broad spectrum of effects 
that can be generally manifested as functional 
d isorders and carcinogenesis. At least three factors 
contribute to this enhanced effect—high cellular 
replication rates, ontogeny of xenobiotic b iotrans-
forming enzymes and low immunocompetence. 
Teratogenesis and carcinogenesis are viewed 
as graded r esponses of the embryo to injury, with 
teratogenesis re presenting the grosser response 
involving major tissue necrosis. Bolande (1977) has 
postulated that certain agents cause teratogenic damage 
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in early relatively undifferentiated embryos, combined 
c arcinogenic-teratogenic damage in older embr yos, 
and finally, carcinogenic damage alone in later part 
of development. 
5.3. DOSE RESPONSE BEHAVIOR IN TERATOGENIC EFFECT: 
The relationshi} between embryolethality, 
malformations, and growth retardation is quite complex 
and varies with the type of agent, the time of exposure 
and the dose. If an agent is administered at a single 
time point during organogenesis and at exposure levels 
not severely toxic, three diverse patterns of response 
are obtained (Neubert et al, 1980). 
Some developmental toxicants can cause malforma-
tions of the entire embryo at exposure levels that 
do not cause embryolethality. If the dose is increased 
beyond that embryolethality can occur. Mai formed 
embryos are often growth retarded and the curve for 
growth retardation is often parallel to and slightly 
displaced from the curve for teratogenic potency 
(Fig. 109A). 
A more common dose-response pattern which has 
probably been encountered in this study with metals 
(mercury, lead, arsenic and zinc) involves 
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embryolethali ty t malformat ions and growth retardation 
( Fig . 1 09B) . For agents producing this respon'=:n pattern, 
exposure within the embryotoxic range of doses results 
in a combinat ion of dead, malformed, growth retarded, 
and normal embryos, Depending on the teratogenic 
potency of the agent, lower doses may cause predomi-
nantly death (resorptions) or malformations. As the 
dosage increases, however, embryolethality predominates 
Agents with high teratogenic potency would produce 
a pattern where the teratogenicity curve was to the 
left but s t i l l overlapping the embryolethal curve, 
while agents that were predominantly embryolethal 
would remain so throughout the range of doses. Growth 
retardation would precede both these outcomes or 
parallel the teratogenicity curve. 
A third dose-response pattern consists of growth 
retardation and embryolethali t y without malformations 
(Fig.I09C). The dose response curve for embr yolethali ty 
in this case is usually steep, implying the existence 
of a sharp threshhold for survival of the embryo. 
Growth retardation of surviving embryos usually 
p recedes significant embr yolethalit y. Agents producing 
this pattern of response would be considered embryo-
toxic or embryolethal, but not teratogenic (Neubert 
et al. , 198 0) . 
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The existence of these three genera 1 pattern 
of response indicate that for some agr^nts embryo-
lethality and teratogenicity are different degrees 
of the same primary insult (Fig. 109B). For other 
agentSf there is a qualitative difference in response, 
and the primary insult leads to embryolethality alone 
(Fig. 109C), or teratogenicity alone (Figure-109A). 
If an agent with selective developmental 
toxicity is administered throughout the organogenesis 
period, i t becomes difficult to identify the most 
sensitive target organs and to produce a consistent 
pattern of malformation. In addition, teratogenic 
effects induced by agents acting according to the 
pattern B can be marked by embryolethality with 
repeated dosing during organogenesis period. If the 
agent is administered at levels sufficiently toxic, 
then all responses can revert to pattern C, embryo-
lethality or growth retardation, but rarely 
malformations . 
5.4. TERATOGENIC/DEVELOPHENTAL TOXIC EFFECTS OF THE 
METALS (MERCURY, LEAD, ARSENIC <S ZINC) IN CHICK 
EMBRYO: 
5.4.1. EXTERNAL MALFORMATIONS: 
MERCURY: 
Injections of 5 ug/egg solution of mercuric 
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chloride in distilled water into the yolk snc of 
fertile leghorn eggs on 5th day of incubation resulted 
into the death of 3 5.54 percent embryos as observed 
on 18tb day. The embryolethal effect is significantly 
high (P/^.OOl) as compared to the control (Table- 1). 
This observation is supported by the finding of Kojima 
(197 0) who had also reported a very high percentage 
of death of chick embryo ('8 5 percent) with this metal. 
Mclaughlin et al. (1963) has reported the death of 
all embryos with the injection of 0.5 mg of Ug cl2, 
whereas reduced hatchability has been observed by 
a number of workers (Kuahara 1970, Kojima 1970). Methyl 
mercury has also been found to cause increase in the 
death and absorption of chick embryo (Greener and 
Kochen, 1983). A very high percentage (79.012) of 
abnormal embryo were also observed. 
The spectrum of malformations included stunting 
(72.39 percent), beak defect (22.^1 percent), head 
swelling(hydrocephalus- 33.95 percent) , meningocele 
(13.54 percent), twisted neck (17.70 percent), toe 
defect (37.5 percent) , and ectopic condi tions (14.06 
percent) (Table-2). The embryo besides being stunted 
present a significant high percentage of the 
deformities in head (hydrocephalus) and neck region 
(meningocele and twisted neck). These can certainly 
be attributed to the involvement of the developing 
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brain and the neural tube since the mercury is known 
to affect the developing central nervous system in 
chick embryo (Kojima, 1970, Ogunranti et a 1. ,1986), 
in other animals (Nor ikawa, 1961 ; Hatsumoto et al, 
1967t Fugita, 1969; Khera and Tobacova, 1973; Sbarpf 
and Hill, 1973) as well as in human (Takeuchi, 1961; 
Matsumota et al, 1965; Muro and Goyer, 1969; Irukayama, 
1 969). 
Mai format ion in chick embryos as observed by 
Gilani (1974) after injecting methyl mercury solutions 
in various doses (0.0009 to 0.010 mg/egg) were reduced 
body size, small and twiested limbs, microphthalmia, 
e xcencepbaly, short neck and everted viscera. The 
s pectrum of malformations almost resembles with the 
one described in the present study except for the 
eye defects. Increased incidence of twisted or clawed 
limbs found in the chick embryos after mercury 
t reatment could be due to the primary e nvolvement 
of the nervous system. 
The effect of mercury has been known to be 
p rofoundly influenced by species and strain differences 
(Spyker and Smithberg, 1972; Su and Okita, 1976), 
the duration of exposure, the dosage administered 
(Spyker and Smithberg, 1972; Harris et a l . , 1972; 
Fujuta et al . , 1 97 8) , and the route of exposure. In 
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g eneralf however, mercury has proved to be embr yotoxic 
as observed in the present study also. Malformations 
are the common sequelae of experimental administration 
during organogenesis which may result from an inter-
ference in protein synthesis (Olson and Massaro, 1977 ) . 
Continued presence/exposure of the metal h owever t 
results in lethal as well as organ toxicity. 
LEAD: 
Experiment carried out in chick embryo by 
injecting lead into the egg produced (76.89 percent) 
malformation which included stunting (68.39 percent), 
beak defect (28.49 percent), head swelling (8.8 
percent) , twisted neck (2.59 percent), wing defect 
(32.12 percent), hind limb defect (47.66 percent), 
ectopia viscerum (38.86 percent) and abdominal oedema 
(11.^1 percent)(Table-4) . The ear 1iest work by Franke 
et al.(1936) have also reported ectopia in chick embryo 
by injections of lead in sublethal doses. 
Occurence of head swelling (hydrocephalus) 
induced by lead in chick embryo in this study is 
supported by the finding of other workers (Cartizone 
and Gray, 1 941 s Butt et a 1 . ,1 952 ', Karnofsky and R idgway 
1952; Gilani ,1 97 3i Hirono and Kochen, 1973; King and 
Liu, 1974). They have described malformations of the 
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central nervous system in the form of hydrocephalus 
and anterior meningocele. However, the incidence of 
hydrocephalus described by King and Lin (1974) is 
much high (81 percent) as compared to present work 
(8 .8 percent^. The difference might be due to variation 
in the dose of lead injected. 
Except for those of the central nervous system, 
the spectrum of malformation observed in this study 
closely resembles with those described by others (King 
and Liu, 1974; Anwer et a l . , 1988). 
Embryolethal effect of lead in chick embryo 
has been found to be significant in this study (20.56 
percent, P I^OOl ) . However, i t is slightly lower than 
those described by King and Liu (197 4). 
The exact cause of these effects of lead on 
developing embryo is difficult to predict, but i t 
is most likely due to 'lead-induced necrosis" in the 
early stages as suggested by Baker (I960). Changes 
in the central nervous system has been b elieved to 
be caused by abnormal alteration in the cereberal 
vasculature (Hirano and Koch en, 1973), 
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ARSENIC: 
Solution of arsenic t rioxide injected in the 
dose of 5 ug/egg into the yolk sac of fertile eggs 
on the 5th day of incubation resulted in the increased 
number of deaths of the chick embryos (Table-7), The 
percentage of death was found to be very high (45.56 
percent) and statistically significant (P/.OOl). 
Earlier reports also present a high percentage of 
dose-related deaths of chick embryo by the i njection 
of arsenic in—to the eggs (Franke et al,,1936; Ridgway 
and Karnofskyt 1952). This clearly indicates a high 
emhryolethal potency of arsenic, 
A wide range of serious malformations were 
found in the present study (69.8 3 percent)(Table-8). 
This included s tunting (62.4 percent) , beak defect 
(24 percent) , wing defect (8 .8 percent), hind limb 
defect (34.45 percent), ectopia v iscerum (44.8 percent) 
and enlarged yolk sac (24.40 percent). The incidence 
of ectopia v iscerum and hind limb defect are very 
high (except stunting) clearly indicating the involve-
ment of ventral mesoderm in the developing embryo. 
Stunting, m icromelia and abdominal oedema in chick 
embryo has also been described by Franke et al,(1936) 
and Ridgway and Karnofsky (1952). Ancel (1946) however, 
has described cause of spina bifida in chick embryo 
after treatment with organic mercury. Interestingly, 
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no abnormality of the nervous system could be detected 
in this series of experiment, a 1 though cases of 
e xcencephaly have been reported in hamster (Ferm and 
Carpenter, 1968) and mice (Hood and Bishop, 1972) 
after treatment with arsenic during pregnancy in the 
critical stage of embryogenesis. P resumably, this 
might be due to the s pecif ic effect of the teratogen 
used (sodium arsenate) in a particular species. 
Moreover, the effect of arsenic is highly 
dependent upon i t s chemical form and oxidation state. 
A rsenite, arsenate, arsine gas, and o rganoarsen icals 
vary to a great extent on their effects. Trivalent 
arsenite is considered more toxic than pentavalent 
arsenate, a 1 though arsenate is the more common form. 
A number of sulfhydryl containing protein and enzymes 
systems have been found to be altered after exposure 
to arsenic. The most important manifestation at the 
tissue level is the inhibition of cellular respiration. 
Arsenate has long been known as an u ncoupler of 
mitochondrial oxidative phosphorylation. The inhibitory 
effect of arsenate on mitochondria function has been 
observed, both in vitro (Crane and Lipmant 1953t 
Azzone and Ernster, 1961 ; Estnhrook, 1961 t Packer, 
1961; Wadkins, 1961; Ter Welle and Slater, 1967) and 
in vivo (Brown et a l . , 1976; Fowler, 1975). The 
142 
machnnism by which this occurs is thought to ho rolated 
to competitive o rsenate subst i tut ion Cor i norganic 
phosphate with subsequent formation of an unstable 
ester that spontaneous!y decomposes. 
ZINC: 
Zinc sulphate injected into the fertile eggs 
of white leghorn in the dose of 100 ug/egg on 5 th 
day resulted into marked lethal effect (22.15 percent, 
significant level p{^001 ) . Embryolethal effect of the 
excess of zinc in chick embryo has also been reported 
by Jencen (1975), and Shamal and Singh (1982). However, 
the i ncidence of mortality described by Shamal and 
Singh (1982) was much higher (50 percent) than those 
of the present study (22.15 percent). The d if ference 
can be attributed to the v ariation in the dose of 
zinc used. Increased mortality of the offspring has 
also been r eported in rats possibly due to the 
destruction of B-cells of the islets of Langerhans 
(Underwood, 1962) by the excess of ZnC12. 
The present study showed a wide range of 
malformations(77.69 percent) in chirk embryos 
(significant level P/.OOl). It included stunting (63.86 
percent), beak defect (26.73 percent) , head swelling 
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(22.27 percent), wing defect (30.69 percent), twisted 
hind limb (38.61 percent), abdominal swelling (14.85 
percent), and ectopic conditions (17.82 percent) 
(Tables-10 & 11). The spectrum of mal formations is 
almost the same as described by Shamal and Singh (1982) 
though, the total percentage is much higher (77.69 
percent). Difference may be due to the dose of zinc 
used for injections into the eggs. 
In comparison to other trace metals zinc has 
been reported to be less toxic. Many of the i l l effects 
a ttributed to the zinc excess by early investigators 
may actually be due to other contaminating elements 
such as lead, cadmium or arsenic (Heller and Burke, 
1927). However, the teratogenic effects in chick embryo 
described above are certainly the manifestation of 
zinc excess. The exact mode of action is difficult 
to ascertain from the present study. Biogenic activity 
in the chick embryo might be affected by the decreased 
activity of liver catalase and c ytochrome oxidase 
which are known to occur in zinc excess (Van Reen, 
1966). Many metals are enzyme inhibitor and cause 
hypoxic damage and cell death(Peter, 1948). Zinc excess 
might be exibiting teratogenic and lethal effects 
through the above mechanism. 
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5.4.2. EFFECTS OF THE METALS ON DEVELOPING SKELETAL 
SYSTEM IN CHICK EMBRYO: 
Alizarin red-s staining of the s keletons of 
embryos treated with d if fevent metals used in this 
experiment demonstrates a clear effect on the develop-
ing osteoid tissue. Except for the severity not much 
difference could be observed in the nature of lesions 
caused by different metals. The lesions were under-
development of the skull bones, defective thoracic 
cage and rudimentory ribs with improper ossif ication, 
defective vertebral column, defective scapulae and 
pelvic bones thinning and shortening of long bones, 
and u nossi fied phalanges (Figures- 40 - 51). Such 
reports in chick embryo are obscure in the available 
1iterature. Ancel (1946) has r eported spina bifida 
in chick embryo with arsenic. However, there are plenty 
of observations in other animals where metals have 
caused similar lesion. Thus, mercury has been found 
to cause skeletal anomalies mostly the abnormalities 
of ribs (delayed calcification) in rat (Scharpf and 
Hill, 1973; Okita and Jacobson, 1974). Lead has been 
reported to cause malformations 1ocalized to sacral 
and tail v ertebrae in golden hamster (Farm and 
Carpenter, 1967; Perm and Perm, 1971), and incomplete 
and delayed ossification in mice (Hclellan et a l . , 
1974). Similarly, arsenic produced vertebral defects 
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in rat and mice (Ferm et n l . , 1971) and skeletal 
defects (ribs and crania) in mice, rat and hamster 
(Hood and Bishop, 1972). 
The exact mechanism of the above lesion is 
difficult to in\er from the present study but, the 
mesenchymal damage in the early stage of bone develop-
ment is obvious. The difference in the severity of 
effects might be due to the different rate of d i ffusion 
or m igration of the agents to reach the developing 
embryo. The yellow yolk is about 8 times as viscous 
as white and the migration of substances through the 
yolk depends upon the relative density of the yolk 
and that of the s ubstance injected (Schlesinger, 
1 958). 
5,4.3. ANOMALIES OF THE INTERNAL ORGANS (LIVER AND 
HEART) INDUCED BY METALS: 
A number of morphological abberations of liver 
and heart were encountered during d issection of the 
embryos treated with different metals during develop-
ment. Thus with mercury 3 8.02 percent (liver 8.45%f 
heart 5.63%, both liver and heart 23.t 4%) , with lead 
25.73 percent (liver 8. Oi % heart 4.41%, both 13.23%), 
with arsenic 46.61 percent (liver 6.77%, heart 9.32%, 
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both 30.5%), and with zinc 17.59 percent (liver 4.62%, 
heart 2.77% both 10.18%) anomalies were observed. 
H aximum anomalies of the organs were found in embryos 
treated with arsenic and the minimum were with zinc. 
The anomalies of liver found in this investiga-
tion were hypertrophy, suppressed left lobe, divided 
lobes and h ypertrophy with large gizard, and that 
of heart were generalized enlargement, ectopia and 
notching or total seperation of ventricles (Figure-
39) . 
Some teratogens are known to produce anomalies 
of the internal organs. Singh nnd Rnju (1974) reported 
anomalies of the viscera in 90 p-ercent of rat foetuses 
after c yclophospbamide treatment. In chick embryo 
also, involvement of heart and liver were reported 
after treatment with chlorambucil (Singh et a 1 . , 1974} 
and mitomycin (Singh and Singh, 1976). Impiramine 
has also been found to affect the internal organs 
in rabbit (Rob son and Sullivan, 1963), and in chick 
embryo (Singh et a l . , 1978). In the present series 
of experiment with metals involvement of liver and 
heart were detected in fairly high percentage (mercury 
3 8.02%, lead 2 5. 7 37o , arsenic 46.61%, zinc 17.59%). 
These anomalies can be compared to some extent with 
those caused by other agents prooving the belief that 
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apparently similar defects may be produced by agents 
of dissimilar nature (Landauert 1953; Duraiswami , 1 955) . 
The metals used in the e xper iment may have acted at 
different times on the same series of developmental 
events, or entirely different events, all of which 
were necessary for the natural development of an organ 
or embryo as a whole. Further, it is clear, that these 
diverse t eratogenic agents must work primarily by 
i nterfering with some normal b iochemical or metabolic 
activities of the developing embryonic cells and tissue 
resulting into abnormal development . 
5.4.4. HISTOPATHOLOGICAL LESIONS PRODUCED BY METALS 
(MERCURY, LEAD, ARSENIC & ZINC) IN DEVELOPING 
CHICK EMBRYO: 
Histopathological changes in different tissues 
of developing chick embryo have been reported by many 
workers in the past. 77)i;s-, llnJl (1072) hn-^ Induced 
achondroplasia in developing chick bones by thallium. 
Changes which were observed are necrosis in the 
cartilage and decrease in bone growth. Necrosis and 
h aemorrhages in the m yocardium have been r eported 
after treatment with impiramine (Singh et al . , 1978). 
Mitomycin-C (Kury and Craig, 1967), Chlorambucil (Singh 
et al, 1974), and lithium (Singh and Singh, 1990) 
were found to damage developing liver of chicks. The 
changes were degeneration of the hepatic cells, 
dilatation and coiigr.'.-f fon ol t hr f^innsoids. In the 
present series of experiment with metals tissue damage 
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has been observed in hones (femur and humerus), 1 iver, 
heart and kidney proving their toxic effect even after 
the period of organogenesis in chick embryos. 
The changes observed in hones were d isorganisa-
tion and thickening of the lamellae, areas of necrosis 
and degeneration in u nossi fied mesenchymal tissue, 
and large spaces in the chondr i fied tissue (Figures-
53,73, 85 & 97). Liver showed widespread damage and 
distortion of lamellar pattern with mercury and arsenicj 
thickening of sinusoidal wall and dilatation of biliary 
channel (Figures~54 ,74,86 & 98^. Inflammatory reaction 
and hydropic degeneration was detected giving the 
e vidence of toxic myocarditis in the heart (Figures-
7 5,87 <$ 99). Kidney lesions included thickening and 
cellular proliferation in the glomerulus, and degenera-
tion with necrosis of the tubular cells (Figures-56, 
76, 88 & 100) . 
A comparison of the severity of damage revealed 
that mercury and arsenic are more toxic to the tissue 
than lead and zinc. Zinc was found to be least damaging 
in the dose used in the present study. 
Toxic effects of metals in different organs 
has been widely reported in animals and human being. 
Mercury (methyl) is known to cause renal damage and 
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necrosis (Oliver et al. 1951). It accumulates in the 
liver readily and caw^es •gr-vere hepatopatholof^ical 
changes (Takahashi et al, 1971, Chang and Yamaguchi, 
1974; Desnoyers and Chang, 17M5). Damaging effects 
of lead on kidney and liver have been reported in 
detail (Coyer, 1971; Wedeen et a l . , 1975). It causes 
degeneration of tubules, cellular swel1ing and necrosis 
of proximal convoluted tubules in the kidney. Arsenic 
is known to cause fatty change in the myocardium of 
the heart (Anderson, 1985). Finner and Calvery (1939) 
has observed marked degeneration in liver and kidney 
of rats and dogs after feeding the diet containing 
arsenic. Zinc content of liver, kidney and pancreas 
has been found to be markedly increased in animals 
fed on zinc containing diet (Miller et a 1. ,I 978). 
However, all the changes described above, as a result 
of toxic effects of metals, were in fully developed 
and grown organs. Not much of the difference could 
be recognized in the nature of histopathological lesion 
as observed in the present investigation in developing 
chick embryos. Obviously, the lesion could be 
attributed to the toxic effect of mercury, lead, 
arsenic and zinc present throughout the period of 
incubation within the sh^ll nf the eggs, hut the exact 
mechanism is difficult to interpret from this 
e xperiment. 
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5.5. COMPARATIVE ANALYSIS OF THE TERATOGENIC EFFECTS 
OF MERCURY, LEAD, ARSENIC AND ZINC IN DEVELOPING 
CHICK EMBRYO: 
Considering the comparative values of the lethal 
and t eratogenic effects of the metals, as p resented 
in the table-13, arsenic was found to be the most 
lethal metal. It showed the highest percentage of 
death of the chick embryos (45.56 percent) followed 
by mercury, zinc and lead. No signi ficant difference 
t 
could be detected between the lethal effects of lead 
and zinc with the similar dose (100 u gm/ egg) of 
injection used for both. Lead, mercury and zinc are 
reported to be moderately less toxic to chick embryos, 
p roducing survival rates of 74-83 percent when 
distributed into the yolk sac at a concentration of 
0.001 ppm (Birge and Roberts, 1976). This report is 
in concurrence with the findings of the present 
investigation in which all the three metals have shown 
survival between 64.45 to 77.84 percent. 
All metals produced a wide spectrum of terato-
genic effects in the chick embryos. Mercury, lead 
and zinc have shown 7^9.01 percent , 7 6.89 percent and 
7 7.69 percent of abnormal embr yos, respectively. No 
s ignificant difference could be found among these 
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throe metals with regard to tnrntogenic effects. 
However, arsenic presnnteii ,-} -^.ignificnntly low 
percentage of abnormality ( 69 .f^ 1% , P / . 00 I ) when 
compared with mercury, lead and zinc. 
Evaluating the type of defect, a l l the four 
metals used in the present study have caused a high 
rate of growth retardation or stunting (Figure- 110). 
nercury showed a very high percentage of head swelling 
(hydrocephalus) and, arsenic that of ectopia viscerun 
and abdominal oedema in chick e m b r y o s . This indicates 
the primary sites of involvement of these two metals 
{ Figure-111 ) . However, the above observations are 
in slight contradiction to the report by Dirge and 
Roberts (1976) according to which the spectrum of 
defects caused by different metals in chick embryo 
do not show any substantial variation. Other abnorma-
l i t i e s such as beak defects, wing defects and hind 
limb defects were present at more or less similar 
level without any significant difference. 
5.6. INTERPRETATIONS OF COLLAGEN, GLYCOGEN, ALKALINE 
AND ACID PHOSPHATASE CHANGES: 
COLLAGEN: 
Collagen tissue in thn dorp J op/ng bono of metnl 
treated chick embryos showed a generalised decrease, 
both in quantity and density indicating interference 
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in the bound connective tissue 'Table-14). (Jollagen 
fibres appeared broken and disintegrated with creation 
of empty spaces. Out of the four metals used in the 
present investigation zinc induced least effect 
although, its presence has been found to he essential 
in c ollagan s yn thesis and epithelial repair (Miller 
et a l . , 1965; Oberleas et a l . , 1971; Van Rij and 
fories, 1980) .This may be due to the fact that zinc 
deficiency is more detrimental than its excess. 
Synthesis of collagen takes place within the 
fibroblast which secretes i t in a soluble form to 
oe deposited extracellular I y. The polypeptide chain 
of collagen-pro-oC chains, are formed on the r ibosomes 
with N and C terminal extensions peptides. An important 
feature of synthesis is the conversion of proline 
and lysine r esidues on growing polypeptide chains 
to h ydroxyproline and hydroxylysine residues. This 
enzymic hydroxy lation requires F-f-f-, 02, ascorbic acid 
and alfa-Ketoglutarate. Glycosylation of some of the 
hydroxylysine residues then takes place. Pro-e^ - chains 
are converted into pro-collagen by the formation of 
disulphide bonds and starts assuming the trihelical 
structure. Procollagen molecules are stabilised by 
h ydroxyproline and secreted via the Golgi apparatus. 
Outside the cell the N and C extension peptides which 
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do not assume the helical Corn, ire remo\'ri1 in some 
types of collagen by procollagen peptide. 7his alters 
the properties of thf^ molecule which precipitates 
as t ropocollagen. The t ropocollagen molecule align 
side by side, probably in fives, stiggered at a quarter 
of their length to produce a f i b r i l . 
An enzyme col lagenase is secreted at the sites 
of wounds/damaged sites which splits the fibres and 
the fragments are ingested by macrophages. In a healing 
wound, lysis occurs in an early stage to clear up 
the damaged collagen. Lysis is continued for some-
time in the process of wound remodel ling. 
Any imbalance betwen the collagen synthesis 
and lysis, as has been reported in sepsis f^ toxaemia) , 
deficiency of protein or lack of oxygen, is bound 
to damage the tissue collagen CAnderson, 1985). 
Depletion and the damage to collagen in chick embryo 
due to the toxic effect of metals might be caused 
by upset in both synthesis as well as lysis. Synthesis 
could be affected by the interference of metallic 
ions in enzymic hydroxylation of proline and lysine 
and, of course, lysis is always expected at any site 
of damage in an attempt of regeneration or r e-s ynthes i s, 
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GLYCOGEN: 
In the study conducted by Hall (1972) in 
d eveloping chick bones and cartilage after treatment 
with thallium no abnormal accumulation of glycogen 
was found in hone and cartilage. However, iJgunr an t i 
et al.,(1986) have reported in increase in the PAS 
positive substances in the liver of developing chick 
embryo after giving injections of mercuric chloride. 
In the present investigation also, mild to severe 
increase in the glycogen was detected in liver and 
kidneys of chick embryos treated with mercury, lend 
and arsenic ( Figure-64 , 72 ,8 0 ,8 i ,92 & 96). However, 
zinc showed almost no change in PAs positive material. 
1 he alteration was more apparent in liver than kidney 
(rable-14) . 
The exact cause of such change is difficult 
to infer from this study and need'^ further biochemical 
study of enzyme system involved in the glycogenesis. 
ALKALINE PHOSPHATASE: 
ihe enzyme, alkaline phosphatase, causes hydro-
lytic splitting of monoesters of the phosphoric acid 
in an alkaline medium (Moofig, 1946^ and al'^o functions 
as a phosphoteransferase; that is, it transfers the 
phosphate radical from one molecule to another. In 
159 
early mammalian embryos, the nnzyme is present in 
only small quantities and in n diffuse state, except 
that it seems to be always present in the nuclei of 
the cells (Daniel 1 i , 1953). However, no report could 
t) e found regarding its distribution in chick embryo 
under normal condition. 
It appears in large quantities, but only in 
few tissues f at the onset of d i fferentiat ion . I t is 
found to be concentrated in the subcutaneous tissue 
of the embryo in the cells concerned with the develop-
ment of the subcutaneous connective tissue layer. 
A l i t t l e later, alkaline phosphatase is f ound in 
cartilage and in the hair papi I lae (Hardy 1952). In 
the later stages of development, the enzyme is very 
abundent in the periosteum and matrix of the bone. 
In the present work a ct ivit yof the a Ikal ine 
phosphate has been studied in bone and liver of 
developing chick embryo under the toxic influence 
of metals. In the developing bones its activity has 
been found to be increased in mercury and arsenic 
treated embryos. Mild i ncj'ease was observed with lend 
while, zinc present a normal level of activity 
(Table-15). However, Hnll < 1972), in one of his studies 
on the effects of thallium o D chick nmbryn, h/i-': 
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reported absence of alkaline phosphatase from the 
n ecrotic chondrocytes in the cartilage. 
ibe bone damage is rapidly followed hy intense 
osteoblastic activity and an irregular mosaic of hone 
grows. This r epairati ve mechanism with proliferation 
of osteoblast result in increased production of 
alkaline phosphatase (Woodard, l^''^3; 1959s Gutman, 
1959). The increase in the a c t i v i t y of alkaline 
phosphatase in the damaged bones of chick embryo as 
a result of toxic metals (Mercii r y and arsenic) might 
be due to repairative (osteoblastic) phenomena in 
the later period of incubation. Lead and zinc, however, 
cause least damage and hence, If^ss or no repair to 
the bony t issue during the development. 
Increase in the activity of alkaline phosphatase 
in the liver of chick embryo after metal t r e a t m e n t 
(mercury, arsenic and lead) could he due to the varying 
degree of hepatic damage. Alkaline phosphatase has 
been reported to be increased in various types of 
liver damage in human beings due to metastases 
(Mendelsohn and Bodansky, 1952; Shay and Sipl^^t, 1954; 
Zimmerman and West, 1963), i n f i l t r a t i o n s (Brem, 1955), 
Drugs (Smetana, 1963: Zimmerman, 1963) and chronic 
liver diseases (Patnrson and Lnsoh-^l-v, 1067). 
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ACID PHOSPHATASE: 
blight to moderate deqre'~' of increase was 
observed in the activity of acid phosphatase in the 
developing bones of chick embryos after treatment 
with mercury, arsenic and lead. Liver also presents 
a mild increase in the enzyme in mercury and arsenic 
treated chick embryos (^ Table-1 5 ) . 
Acid phosphatase is c apnb Ir of catalyzing the 
hydrolysis of various phosphate esters in acidic pH. 
I t is present in many tissues but the greatest amount 
is found in human prostate gland 'Kutscher and Worner, 
1936, Cantarow, 1 965). 
Many osteoblastic and osteolytic lesions of 
the bone have been reported to he associated with 
i ncrease in the acid phosphatase activity (Gutman 
et a l . , 1940). In hepatic lesions also such as viral 
hepatitis, cirrhosis or metastatic cancer there are 
reports of increase in the acid phosphatase. The enzyme 
is most likely said to be liberated from the necrotic 
liver cells (Wolf and Williams, 1973). The increase 
in acid phosphatase activities in bone and liver of 
chick embryo growing under the influence cS f toxic 
metals can be reasoned out on the basis of the above 
reports. 
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5.7. ROLE OF PROTEIN SYNTHESIS- DNA & RNA: 
I he site of action of an agent at the cellular 
level could be on deoxyribonucleic acid (DNA), 
r ibonucleic acid (RNA), or protein s ynthesis. The 
actions in a cell set in motion by the genes is broadly 
aefined as the translation of genotype into phenotype. 
This essentially consists of t ranscr iption of a 
specific DNA code sequence into the complimentary 
sequence of bases in a RNA molecule. The messenger 
RNA then becomes the template on which aminoacids 
are synthesized into proteins. Ultimately, therefore, 
each specific DNA base triplet sped f ies the particular 
amino-acid, and the s equence of base triplet will 
specify the s equence of aminoacids in the final 
polypeptide product, the protein. There was known 
drugs or chemical interruption of this sequence at 
molecular level which can affect the final outcome. 
UNA replication can be affected directly by 
alkylating agents which may alkylate either t he 
phosphate group or the bases, or may h ydrol yse the 
sugar-phosphate bond and thus break the DNA backbone. 
i he antibiotic mitomycin leads to depolymerization 
of DNA with a rapid loss of its biological activity 
(Kury and Craig, 1967). As an indirect action on DNA, 
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its thymine can be replaced by 5-bromoura^cil throu/^h 
exposure to its nucleoside rn^ulting in n tran-^ient 
mutation. Actinom^cin affects the DNA replication 
0 y preventing i t to act as a template. It has also 
Deen r sported to interfere with the RNA synthesis 
(Barnes, 1968). 
Metals are known to inhibit the DNA, RNA AND 
protein s ynthesis. Thus reduction in RNA and protein 
s yntbesis have been reported in the nerve cell after 
mercury intoxication (Yashino et a l . , 1966; Carnagh 
and Chen, 1971f Chang et a l . , IQ72, 1973: Sugano et 
al., 1975). Decrease in the DNA content has been found 
in the astrocytes after mercury poisoning in the human 
beings (Choi et a l . , 1980). Lead hn-^ bf^nn known to 
depress the cell growth, DNA content and protein 
synthesis (SKREB and HABAZIN-NOVAK, 1975; Kussell 
et a l . , 1978; Dubreuil et a l . , 1979). Zinc also plays 
an important role in protein synthesis, DNA and RNA 
metabolism (Somers and U nderwood, 1969a; M acapinlac 
et a l . , 1968; Fernandez-Madrid et a l . , 1973). 
Qualitative study of DNA and RNA by staining 
method in the liver revealed mild to moderate decrea'^e 
after treatment of chick embryo with mercury, lead, 
and arsenic (Table-15) . Although the exact mechani-^m 
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is difficult to ascertain, there are reasons to believe 
that the i nhihition of DNA and R\A synthesis in rapidly 
proliferating emb r yona1 tissun could he n significant 
i ni tiating factor in the patho-mechanism of terato-
genesis. This is supported by the investigations 
carried out by numerous workers as reported above. 
Sites of high proliferative activity in the 
embryo are susceptible to cell death after exposure 
to cytotoxic teratogen, and the frequency and pattern 
of the malformation are related to the localization 
and extent of necrosis in the emb ryonic tissue (Scott, 
1977). Therefore, location of necrosis of the tissue 
is also an important factor. Depression or damage 
to DNA alone may not produce malformation unless 
accompanied by extensive necrosis (Ritter, I 97 71 
Kochhar et a l . , 19781. Histopathological observations 
of the different tissue/ organ of the chick embryo 
in the present investigation has r evealed necrosis 
as a prominent f eature. Hence, combination of DNA 
and RNA synthesis and tissue necrosis could be a more 
likely cause of malformation reported by metal. 
5.8. MECHANISM OF TERATOGENESIS: 
Metals usually produce toxicity in most animals 
when given chronically in sufficient dose. 
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Teratogenicity, on the other hand, cannot always be 
coriolated with the dose. Sonu^ mntals do not produce 
any teratogenic effect at sublethal dosr', and the 
teratogenic potential of other metals can be altered 
by changing the species and the time and mothod of 
administration. 
ihe s peci f ic mechanism of many t e r a t o g e n i c 
e v e n t s s t i l l remains i I I-under stood. Form (1971) 
suggested two hypotheses, however, that help to explain 
why some teratogenic act differently from others. 
One hypothesis is that the teratogen is nonspecific 
i . e . , the characteristics of a malformation depend 
primarily on the orgnnogenetic event in progress at 
the time of the i n s u l t . Thus, a wide spectrum of 
malformations are expected from a single teratogenic 
stimulus given at different periods of c r i t i c a l cmbryo-
g enesis. The other h ypothesis suggests that certain 
teratogens might well prove to be s i t e specific and 
induce malformations only in certain developing organs 
systems. This s i t e specific mechanism implies that 
a specific organ-teratogen relationship exists which 
could best be explained by interference with a 
particular physiologic event of development. With 
reference to this metals should be a good example 
of site-specific teratogen as they enter into a variety 
of rather s peci fie enzymatic reactions. Incidently, 
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the results of the present work on the tnrntofionic 
r I t (u I-i of moi cm y, lend, •» / .jfwi / r nnd /. i nc revnnlnd 
the possible involvement of both the hypotheses. A 
single dose injections of the four metals showed a 
wide spectrum of malformations in chick embryo. However 
mercury showed higher specificity for central nervous 
system while arsenic with ectopia v iscerum and other 
abdominal defects. 
leratogenic mechanism covers a series of events 
begining with the first s timulus exerted by the 
teratogen to the final outcome of the malformat ion. 
:) igni ficant difference exists in the mode and rate 
of absorption, transport, storage and the b iomechanism 
of the degradation of teratogens. The i n i t i a l event 
m the teratogenesis may be brought about by a 
teratogen by itself or i t s metabolic byproduct. A 
large number of factors initiate the abnormal 
development at the cellular or subcellular levels, 
ihese include genetic mutations, chromosomal 
aberrations, mitotic interference, altered nucleic 
acid integrity or function, lack or precursors and 
substrates etc., altered energy sources, enzyme 
inhibition, fluid osmolyt ic i mbalance and changed 
membrane characteristics fWilson, 1977). 
Metals may act in one or more than one ways 
to start the invisible changes which in turn may cause 
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e xcessive cell death and necrosis, reduced rate of 
proliferation, failed r-^ll interactions, reduced 
biosynthesis, impeded morphogenetic movements, tissue 
disruption etc. These abnormal events lead to too 
f ew cells or cell products to support normal morpho-
genesis or functional maturation ^Singh, 1 QH2 ) . 
5.4 .J. EMBRYONIC DIFFERENTIATION AND SUSCEPTIBILITY 
TO MALFORMATION: 
I he embryo during the early period of develop-
mental stages i . e . cleavage, blastocyst and the 
germinal layers stage consist of cells which are 
probably alike in having the same susceptibilities 
and metabolic needs, and therefore, mostly react alike 
to any teratogenic agent. Insult during this stage 
results in either the death of all the cells or there 
is no developmental defect at all. 
with the begining of first chemical differentia-
tion at the time of appearence of primitive streak, 
s ynthesis of new varieties of RNA, needed for 
organogenesis, starts. The embryo at this stage 
suddenly becomes vulnerable to most of the teratogenic 
agents (Wilson, 1973). The chemical differentiation 
IS followed by visible differentiation of tissues 
and organ pr imordia, when the appropriate RNAs begin 
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to code for the enzymatic and structural proteins 
characteristic of specific tissues and organs. 
Malformations are most easily produced soon after 
the structural differentiation of the target organs 
begins. 
5.S.2. MORPHOGENETIC AND TISSUE INTERACTIONS: 
i)ynchronised morphogenesis involving prolifera-
tion, aggregation, migration and organisation of 
differentiating cells in an nmbryo and the tissue 
interaction is a pre-requisite for the normal develop-
ment (Grobstein, 1956; Moscona and Garter, 1968). 
Any experimental or otherwise interference in these 
interactions leads to abnormal development. 
m one of the r eports by Das and S ingh (197 9) 
on chick limb buds mesodermal damage has been observed 
8 hours after the administration of cyclophosphamide 
while AER (apico-ectoderma1 ridge) was not affected. 
The AER in the early stage of 1 imb development give 
signals to the underlying mesoderm for the differentia-
tion of proximal pat t of limb '^ Figure-1 12 A A B) . 
Mesoderm damaged at this stap.'^ rccovnrs later on, 
but at that time the AER is giving signals for distal 
limb differentiation which results in phocomelin 
(Wolff, 1 966''. The two tissues have to be of similar 
1 7 3 
< 3 
J-J CD 
UJ 
< 
00 
o 
o 
o 
X 
a. 
ID 
to 
UJ 
UJ 
:5 
»— 
UJ 
CD 
z g y-
K-i 
< 
cr UJ 
1-
z •^ "
CJ 
H-
UJ 
z UJ 
o a. cr 
o 
z ^ • " 
2: 
a:. UJ 0 
0 
00 
Oi 
r 
1— 
z UJ 
(_i 
< 
— » 
CD 
ZD 
00 
UJ 
X 
1— 
0 
z 
< 
a: 
< 
1 
CJ 
»— 
1 
UJ 
Q: 
0 
li. 
?: < 
ID 
i* 
0 0 
> -
—J 
cr 
< 
tl^ 
:5 0 
X 00 
UJ 
;E 
UJ 
X 
i-i 
(/) 
< 
ID 
0 
cr 
—1 
< 
2: 
cr 
UJ 
a 0 
1— 
t-j 
UJ 
171 
< 
Q. 
< 
I -
UJ 
CD 
< 
<r 
< 
cc 
o 
CD 
CD 
ID 
< 
>-
- J 
cc 
< 
UJ 
^ CD 
— O 
>- UJ 
CD 3 : 
SS 
13 UJ 
O —» 
CD z UJ 
UJ UJ < 
—» cr ^ 
CD UJ 
U . UJ 
^^ u_ o HI o o 
o ^ 
3 _J 
CD < 
GQ a: 
21 u-i 
UJ » -
CD 
I 
I 
UJ 
(T 
172 
age or developmental stiqe in order thnt the limb 
morphogenesis proceeds normally 'llnmpc, 1066K However, 
mesodermal maintenance factor 'MR) has its own role 
in the reciprocal interaction and responsible for 
the maintenance of AER t'Zwilling, 1974K Considering 
the limb malformations in chick embryos induced by 
metals in the present study, invoZvempnt of these 
factors can not be ruled out. However, this needs 
a further study for the specific effects of metal 
on limb morphogenesis br-fore n final concluson is 
made. 
5.8.3. REDUCED PROLIFERATIVE RATE: 
froliferative activ\ity of the cell has been 
found to be reduced due Go the cytotoxic effects of 
many cells. This results i\n reduced cell number which 
in turn causes teratogenic \e ffects. 
5.8.4. TISSUE NECROSIS: 
Histopathological e\Kamination of the various 
tissue revealed a widespread necrosis and cell death 
in the metal treated chick embryo. Numerous teratologi-
cs! reports have shown that physical or chemical insult 
to the developing embryo produces, within a few hours 
or days obvious signs of cell necrosis in tissues 
destined to be malformed 'Scott, 1977 1. Hence tissue 
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necrosis might have b'^en a major event to cause 
malformations in chick emhryo^, after mercury, lead, 
arsenic and zinc treatment, 
5.8.5. SUSCEPTIBILITY OF CELLS TO NECROSIS: 
Cel Is do not respond uniformally to cytotoxic 
agents. This may be due to d i F ferential d istribut ion 
of the drug, permeabil ity of the cells to the agent 
or the amount of intracellular binding that may vary 
between sensitive and resistant cells. The intrinsic 
cell difference is a major factor in determining the 
toxicity to a cell. In turkey embryos, massive cell 
death leading to malformation was found in nervous 
system and mesenchymal cells, and on the transplanta-
tion of tissue to healthy embryos, again the same 
tissues (nervous and mesenchymal) were affected 
(Ta/iara and Kosin, 1967). Severe vacuolations in the 
e ctodermal cells have been reported after 6-am ino-
n icotinamide treatment without any effect on mesodermal 
and endodermal component (Nuebert et al.,197l). Further 
i t h as been pointed out by N ewbert e t a 1 . , (1971) 
that nutritional status of the cell is also important 
in the sensitivity to a cytotoxic agent. Cells away 
from the source of nutrition die early. 
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The capacity of the cells to regnnerate after 
cytotoxic effect of a teratogenic agent is a 
significant process and i t modifies the final 
manifestation (Jelinek and Dostal, 1975). In the 
present i n v e s t i g a t i o n the difference in the s ever i t y 
as well as nature of the final outcome of the embr yo-
genesis in the form of malformations observed with 
t he metals used could be explained on t he basis of 
the factors described above. However, a definite 
version needs further c r i t i c a l study of the various 
i n t r i n s i c factors of the cells altered under the 
influence of metals during the embryonic period. 
CONCLUSIONS 
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6. CONCLUSION 
Mercury, lead, arsenic and zinc injected into 
the fertile eggs of white leghorn in a single dose 
(mercury & arsenic- 5 ug/egg, lead and zinc~100 ug/egg) 
on 5th day of. incubation produced dead as well as 
varied degree of malformed embryos. The s pectrum of 
malformation though similar to a great extent, showed 
some specificity to the organ/tissue system. 
Thus, mercuric chloride injected into the eggs 
resulted in 35.54 percent dead and 7 9.01 percent 
malformed embryos as observed on 18th day of incuba-
tion. Malformation included stunting in 72.39 percent, 
beak defects in 22.91 percent, head swelling (hydro-
cephalus in 33.85 percent, meningocele in 13.54 percent 
twisted neck in 17.7 percent, toe defects (clawing) 
in 37.5 percent and ectopic qonditions in 14.06 percent 
embryos. 
Injections of the lead nitrate produced 20.56 
percent dead and 7 6.89 percent abnormal embryos. The 
s pectrum of abnormalities included stunting in 68.39 
percent, beak defects 28.49 percent, head swelling 
in 8.8 percent, twisted neck in 2.59 percent, wing 
defects in 32.12 percent, hind limb defects (twisted 
in 47.66 percent, clawing in 57.51), ectopia viscerum 
in 38.86 percent, and abdominal oedema in 11.91 
percent. 
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Arsenic trioxlde injections into the egg result-
ed in 45.56 percent dead and 69.83 percent abnormal 
embryos. The abnormalities were s tunting in 62.40 
percent, beak defects in 24 percent t wing defects 
in 8.80 percent, hind limb defects in 34.45 percent, 
ectopia viscerum in 44.80 percent, and enlarged yolk 
sac in 26.40 percent. Similarly, zinc sulphate produced 
death of 22.15 percent and mal-formation of 7 7.69 
percent Embryos, The spectrum of mal-formations were 
stunting in 63.86 percent, beak defects in 26.73 
percent, head swelling (hydrocephalus) in 22.27 percent 
wing defects in 30.69 percent, twisted hind limb in 
38.61 percent, abdominal swelling in 14.85 percent, 
and ectopic conditions in 17.82 percent. 
Evidently, the embryolethal effects induced 
by arsenic is considerably high (45.56 percent) in 
comparison to mercury (35.54 percent), lead (20.56 
percent) and zinc (22.15 percent) . A s tatistical 
analysis of this effect has shown that relative lethal 
effect of the four metals can be as follows-
ARSENIC ^MERCURY 2> ZINC = LEAD 
The gross malformations in the chick embryos 
produced by arsenic (69.83 percent) was significantly 
less than those by other three metals. No significant 
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difference was observed among mercury $ lead and zinc 
regarding the incidence of malformations which can 
be summerized as follows: 
ZINC = LEAD = MERCURY ^ > ARSENIC 
Further, i t is obvious that the spectra of 
malformation induced by four metals are more or less 
similar indicating a generalised interference of these 
metals during the period of differentiation and organo-
genesis. However, some site s pecificity does exist 
as has been seen with mercury which presented a 
r elatively high percentage of hydrocephalus (head 
swelling) and arsenic which has shown increased 
incidence of ectopia v iscerum and abdominal oedema. 
The generalized stunting or growth r etardation is 
probably the result of continued presence of toxic 
metals inside the egg even after the period of organo-
genesis . 
Examination of liver and heart have shown 
anomalies such as hypertrophy, notching and at times 
seperation of lobes of the liver and v entricles of 
the heart. These clearly represent the culmination 
of the defective organogenesis mostly in the form 
of arrested development. 
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Alizarin red-S staining of the skeletal system 
has shown involvement of the bones in the form of 
underdevelopment thinnings and defective ossification. 
Histopathological examination of the long bones, 
liver, heart and kidney indicated wide spread degenera-
tion, inflammatory r eaction and necrosis indicating 
a sublethal toxicity of the metals even after the 
period of organogenesis. H istochemical reactions have 
shown a decrease in the collagen tissue, increase 
in alkaline and acid phosphatase enzymes, and a 
relative increase in the glycogen. These changes 
however, were pronounced with mercury and arsenic 
treatment. Staining of UNA and RNA in the liver have 
shown their amount to be less on qualitative basis. 
This can be interpreted on the grounds of i nhibition 
in the synthesis of DNA, RNA and protein as the metals 
are known to do so. 
Though the understanding of the exact mechanism 
of the above changes needs a further elaborate study 
of the enzyme system and various other factors in 
developing chicks, following reasons may be attributed 
to cause varying degrees of embryopatbic effects 
induced by mercury lead, arsenic and zinc. 
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Alteration in the permeability of plasma 
membranes for ions, nutrients and soluble enzymes 
because of greater affinity for sulfbydryl groups. 
Inhibition of the ^enzyme system both on the 
cell surface as well as within the cytoplasm inter-
fering with differentiation. 
Disruption in the normal o peration of mito-
chondria and obstruction in the cellular respirations 
resulting in hypoxia, cell death and necrosis. 
Inhibition in DNA, RNA and protein synthesis 
affecting the cellular proliferation. 
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